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ABSTRACT 

This publication is a curriculum guide intended to 
help implement coordinated K-12 science programs by serving as a 
framework of reference. The performance objectives that should be 
developed by students who study science are written in general terms 
and constitute the heart of the volume. The lists of performance 
objectives include the processes which the student would use in 
achieving the objective, the conceptual scheme with which the 
objective may be identified, a statement of the performance 
objective, and the values and attitudes that performance of the 
objective should develop. There is a performance list for each of 
these grade categories: kindergarten and elementary; middle school 
and junior high; and senior high school. The introductory chapters 
review the philosophy, goals and the following themes in school 
science programs: tne processes of sciencing; the conceptual schemes 
of science; the values and attitudes derived from science learning 
experiences; psycho-Diotor skills in science learning experiences; and 
the subject matter of science. Additional guidelines for 
the programs and textbook evaluation are provided in the 
annotated bibliography is included. (PR} 
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M('ssatj;r From Tlio Slale SuperinlcMHU'iU 

This publication was devclo[)ccl lo help implement coordinated K 12 
science programs in Indiana elementary and secondary schools. It is 
presented to Iloosier teachers with the hope that it will be useful in 
reviewing, analyzing and improving science instruction at all grade levels. 

This project is tlic result of the efforts of a cojiimittee of elementary 
teachers, junior and .senior high school science teachers, department heads 
and administrators, science supervisors, general administrators and college 
science educators. Various members of the committee have had experience 
in writing and/or implementing major science curriculum projects, writing 
textbooks and designing local curriculum innovations. All have had wide 
experience in education and are dedicated to meaningful education for the 
youth of Indiana, 

The committee's intention has been to provide a framework from whicli 
local schools can begin studies to improve tlieir science programs. These 
Guidelines are not intended to be pre.scriptive but to serve as one frame of 
reference for the study of local science curriculum and the construction of 
well articulated, comprehensive science programs. 

Much work and thought has been devoted to the development of this 
publication. This Office is indeed grateful to all who have contributed to its 
development and review. 



JOHN J. LOUGHLIN 

State Superintendent of 
Public Instruction 
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INTRODUCTION 

i!siN(; TiiK (;IjI|)KMNks: a (;iiar(;k to tiik hkadkh 



C'urriculum guides enjoy poor reputations among school 
personnel. The heavy tomes quickly migrate to the bottom 
drawer of the file cabinet and live a quiet life in oblivion. 
So why have we produced another such documcMit at public 
e.xpense? Obviously wc have some hope that ihis will be the 
e.xception, that this guide will have value and that it will 
serve as a tool used by school personnel to improve the 
cjuality of science instruction throughout the state. But let 
us be honest. This is only a dream, and it will not happen. 
It will not happen UNLLSS ! ) ! 

This publication will be useless unless it gets to the 
right people. 

It will be useless unless it is read. No. more than 
read anuUed. 

It will be useless unless classroom teachers arc 
shown how it can be used and why. 

WHO Wn,L BH INTERHSTHD IN THIS 
PUBLICATION? It is easy to say that this should be of 
interest to all individuals interested in science education in 
the public schools, from elementary teacher to college 
scientist. But not all of these individuals will take the time 
to read it or will even have access to it. Therelore, we had 
certain people in mind when the book was written. 

Probably, the first groups to see this document will be 
school superintendents, principals and curriculum 
coordinators. These individuals are responsible for 
providing overall guidance for the school curriculum. They 
need to know the general goals of science instruction. They 
need to know what course offerings might lead to the 
development of these goals. And they need to be aware of 
specific state regulations pertaining to the teacliing of 
science. Superintenden* s, principals and curriculum 
coordinators will be paiticularly interested in C.itapter 4 
which deals with sugg .ed sequences for science learning 
and Chapters 1 and 2 which identify and discuss current 
philosophy and goals of school science and important 
themes in modern science programs. At this point the 
superintendent, principal or curriculum coordinator is 
likely cither to place this book in a favorite file or to pass it 
along to local leaders in science education. We hope he will 
pass it along. 

In virtually every school system there is some individual 
who is looked upon as a leader in science teaching. Tlris is 
the person who chairs the textbook adoption committee, 
who orders equipment, who attends the science convention 
and comes back with new ideas. He is the person who 
suggests changes in the science curriculum and works to 
convince other staff members to join with him. These 
guidelines are written for the local leader in science 
education. More than any other individual, he will 
determine whether the guidelines are put to use or put to 
rest. The science leader will be interested in the entire 
book, but some of it may only be a review for him. He will 
have a philosophy of science teaching and will have set 
goals for liis own instruction, if not for the entire school. 
Still, he will want to read Chapter 1 to see if there are new 
ideas or concerns that have not been given the attention 
that they deserve. He may encourage other teachers in the 



school system to read Chapter 1 and use it as a guide for 
working out a philost)phy for their school and for setting 
goals that they hope to achieve. Processes ol’ science, 
hierarchies, and conceptual schemes will be familiar terms 
to the leader in science education, st) Chapter 2 may add 
little to ideas gleaned from previous professional reading. It 
may. however, prtwide some impetus for his .school .system 
to develop its^nvn list of cc eeptiial schemes around which 
the science program con; J uC t)rgani/ed and to develop its 
own hierarchy of process skills which will be the framework 
for the science curriculum. 

Chapter 3, which constitutes the heart of this document, 
will be the central concent of both the leader in science 
education and the classtoom teacher. In Chapter .3 wc liave 
attempted to describe competencies that should be 
developed by students who study science. Hvery teacher 
should look at the entire list of objectives from 
kindergarten to grade 12 and examine more closely the 
objectives for two or three levels both preceding and 
succeeding theirs, for no teacher operates in isolation. What 
one is able to accomplish depends on what has gone before 
and what is to follow. Still, teachers in the primary grades 
will be most concerned with objectives for their ov/n grade 
level, just as the physics teacher will be most concerned 
with what is to be done in his area of speciali/atioii. 

No attempt has been made to specify the exact activities 
that must be carried out in a particular course or at a 
particular grade level. A pluralistic educational system that 
acknowledges unique concerns and needs t)f each 
community and each individual sht)uld be protected and 
encouraged. However, wc live in a mobile society; and we 
believe that there arc competencies that should be 
developed in every school system. Wc have tried to identity 
many of these competencies in general terms. It is left to 
local teachers to translate those competencies into specific 
objectives that will satisfy both the common needs in 
science education and specific concerns of the local 
community. Thus, we say that in the primary grades 
students should learn to classify objects on the basis of 
properties such as rough, smooth, small, large, same and 
different. Teachers must decide in their own situations 
whether this can best be done in kindergarten or grade 1 
and whether this competency will best be achieved through 
experience with blocks of colored plastic and wood in 
special equipment kits, through examination of leaves and 
other natural objects collected by children, or by working 
with common objects found in the classroom. Although we 
mention that tlie student of physics should be able to 
demonstrate energy conservation using interactions which 
involve a change in energy forms, the physics teacher must 
decide how he can best develop that concept with his 
students, what examples of consei*vation are most likely to 
be meaningful and what evidence he will seek as assurance 
that the concept is understood. 

We believe that every teacher of science should study the 
objectives for the coursc(s) he teaches. He should continue 
to develop the list by adding to it and by replacing our 
relatively general statements with more specific statements 
of what students should accomplish in his own course(s). 
The objectives in Chapter 3 will accomplish little so long as 
they remain in the bottom of the file cabinet or in the back 
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ut' (ho loaclior’s mind. They are intended to be used in week 
to week planning and day to day teaching. We hope (hat 
this book will be torn apart literally; it has been designed 
to facilitate such dissection via loose leaf binding. ItV would 
like local schools to make copies of pertinent objectives for 
each teacher. We would like to go into classrooms and tind 
that teachers have copies oT the objectives in the notebook 
in which they keep the notes they use during class. We 
would like to see them marked, with new objectives added 
to the list. We w'ould like to see that teachers have extended 
the development of the identified conceptual schemes. We 
would like to see activities, planned by the teacher to 
develop attitudes and values that have been too long 
neglected. 

To many science teachers, the specification of 
performance ohjeclives Tor a course, the organi/.ation of the 
science curriculum around conceptual schemes, the creation 
of classroom atmosphere.s conducive to appropriate attitude 
development and (he developmeni of hierarchies of process 
skills are new ideas. This may not be the ca.so for students 
graduating from colleges today. These ideas are generally 
included in science methods courses; and students in those 
courses may be expected to write objectives, to identify 
conceptual schemes, to design strategies for value learning 
and, perhaps, even to develop a hierarchy of skills tlirough 
task analysis. 

We believe that these guidelines should be useful at the 
college level. Undergraduate students might be given the 
assignment of taking one coneeptual scheme and, starting 
with suggested objectives which relate to it, plan a short 
segment of science instruction that would develop that 
major idea and promote the learning of those specific 
competencies and attitudes identified with the objectives. 
By engaging in this type of activity as an undergraduate 
using a document that may serve as a guide to instruction 
after the student has joined the professional ranks, 
beginning teachers can develop planning strategies that will 
serve them throughout their teaching career. 

We believe that the publication may serve a similar role 
in inservice prograi and graduate science methods courses. 
We believe that even experienced teachers can profit from 
activities similar to those outlined above. 

now SHOULD THESE GUIDELINES BE USED? We 
have suggested some ways that this publication can be used 
as we have discussed individuals who will find it of interest. 
Here we want to be more specific. This publication contains 
guidelines, not dogma. No single group can provide 
a “how-to-do-it” manual to be followed by every classroom 
teacher within the state. There is no authority who should 
say, “These are the things that must be done in your 
classroom.” We do not have the vision, and you wouldn’t 
accept it if we did. But what strategy can be used by school 
personnel to implement the recommendations and develop 
curricula from these guidelines? We will suggest a plan. 

Step I: Institute a study of the local science curriculum. 
Although interested teachers may independently, or as a 
group, institute and accomplish changes in. the school 
science program, a coordinated effort throughout the 
school system is more productive. Such efforts need the 
blessing of the administration. The first step in improving 



curriculum should therefore he to obtain the approval and 
official encouragement t)f (he appropriate adniinislralor. 

Step 2: Study these guidelines. This can be dmie best by 
a small grouj) of imlividuals within the school svstem who 
are interested in the science curriculum and familiar with 
the existing program. They should study the statement of 
philosophy and goals found in C'hapter 1. Do they agree 
with the statement? How docs it differ from their own 
philosophy? What goafs can be identified in the existing 
science program? Is the present program a ctmrdinated one 
that develops logically from kindergarten through the 
twelfth grade? Docs the existing program satisfy the needs 
of//// students served by the school system? 

This group might prepare their own statement of 
philosophy and goals. This statement could be distributed 
to other science teachers within (he system for comments, 
or it might be used as the topic for discussion in a school 
wide science meeting. Selected students, parents, and 
community leaders might also be a.skccl to react (o (he 
paper to see if they agree with the stated purposes of 
science instruction. Until teachers within the system agree 
on the unique purposes and goafs of science (euchir^g in 
their schools, little change can be expected to occur. 

Step 3: Develop an articulated plan. Once the general 
goals of science instruction have been identified, attention 
must be given to realizing these goals. Perhaps more people 
should be involved at this step. In particular, elementary 
and junior high teachers who are aware of special problems 
that may escape the atiention of science specialists should 
have a part in making decisions. Are certain conceptual 
schemes better vehicles for organizing the instruction than 
others? What are the process skills, attitudes and values (hat 
should be included? Attention should be given to the 
objectives, conceptual schemes and processes outlined in 
this publication, and tentative decisions should be made 
concerning the categories of objectives that will be included 
at each grade level. 

Step 4: Select specific objectives. Teachers at one level 
will not be greatly interested in what is to be done at 
remote levels, nor will teachers in one science field be 
vitally concerned about the details of instruction in other 
science fields; therefore, primary teachers, intermediaie 
teachers, junior high teachers and senior high teachers 
might meet in separate groups to select, delete or add to the 
lists of objectives that have been suggested for each area. 

Step 5: Develop an implementation program. Once 
general agreement has been reached concerning the 
objectives of the science curriculum, materials should be 
selected which will enable those objectives to be realized. 
Consideration must also be given to facilities and, perhaps, 
to inscrvice teacher education. What textbooks are available 
which are compatible with the planned objectives? What 
special equipment and supplies will be needed and what will 
they cost? Will some teachers need to develop new skills in 
order to teach science as it should be taught? 

Guides are provided in Chapter 5 for evaluation of 
textbooks and science facilities. These should be of value as 
you deal with the above issues. Undoubtedly, compromises 
will be necessary. Attention must be given to getting the 
best science program possible with the money and 
personnel available. 
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Step 6: Implcmeui the pro^jwn. Individual teachers 
iiiiist eventually translate tlie < hjectives into classroom 
activities. Teachers must he encouraged to keep the 
objectives before them and to identify text material and 
activities appropriate to the objectives, so the objectives 
will not he permitted to become subservient to tlie 
textbook as a guide for instruction. 

Step 7: Coutiuue the Implementation. Tlie coordinated 
science program that result.s from careful planning and 
diligent effort will quickly fade away unless continuing 
effort is made. Teachers die, retire or move to other 
schools. Others take their places. Each year teachers who 
join the school system will need orientation and help if 
they are to understand their re.sponsibilities in teaching 
science. Some individual within the school system should 
have the responsibility for reviewing the science program 
with each new teacher. He should go over the science 
objectives for the courses for which the teacher is 
responsible. He should assist that teacher in translating 
tliose objectives into classroom activity. 



Step X; Continue to ^tudy and revise. No matter how 
well the initial effort is planned, it will have weaki^esses. 
Many of the.se can be corrected as the implementors gain 
experience with the program. The implementation plans, 
therefore, must provide for continual feedback, restudy, 
revision and inservice training. 

WILL IT WORK? In preparing this publication. The 
Indiana State Science Advisory Committee had the goal of 
inducing school personnel throughout the state of Indiana 
to reevaluate their science program, K-12,and to institute 
a coordinated program that is appropriate for the dynamic- 
society of today and tomniorrow. Will it be reached? We 
don't know. We do know that these guidelines are only the 
beginning; the real work iiiust be done in (he schooLs by (he 
people who face students every day. The task is yours. We 
Iiope that the publication wiK help, that you will use it, or 
even abuse it; but, above all, we hope that this will be one 
curriculum guide that doesn't rest quietly in the back of the 
bottom file. 

The Indiana State Science 
Advisory Committee 
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1.1 Philosophy of Science Lxperience.s 

Science and technology affect everyone's life in aesthetic 
as well as materialistic ways: thus they must he an integral 
part of the school curriculum. School science should help 
students comprehend how each science discipline 
contributes to the knowledge, the behaviors, the 
iiiuierslandings and the predictive relationships that pervade 
the wiiole of science and tlie totality ofluitnan intelligence 
and behavior. This should occur in a succcss-cxpccted 
sequenced set of operational objectives which can be 
evaluated, modified, and integrated in a continuous fashion. 

Tcacliers must become as concerned with allilude and 
interest in science as they arc with content. Teachers and 
students alike must be aware of the role of .science in life 
style and tiie human condition. The scicncing students do 
must be highly individualized because of differences in 
abilities, goals and interests of the children. This changes 
the role of tlie teaclici from one wlio presents 
demonstrations and imparts knowledge to one who helps 
students execute plans to the best of their abilities. The 
teacher should think of himself as a director of tnultidevcl 
science activities in cacli classroom. The classroom 
atmospiiere should be such that a teacher sees a child's 
confusion at some point in his project as a welcomed signal 
for opportunity to b»elp. 

These arc Pupil Power guidelines: they provide practical 
guidance for developing self-motivating, scientifically 
literate, creative students capable of effective living. 

1.2 Goals for School Science Programs ^ 

1.21 Rafi(Viale 

The goals of school science programs must be consistent 
with the overall goals of the educational system of which 
tlicy are a part and must aid that system in realizing its 
goals. Fven though much uncertainty presently exists 
concerning many of the more specific goals of the nation's 
schools, there are certain general goals whicli must underlie 
all school activities if the schools arc to serve the social 
order in which they exist. These goals are: (l)to provide the 
student with the basic knowledge and skills essential for 
him to discover his most effective role in a dynamic society, 
(2) to provide him with adequate knowledge and 
experiences to understand this role, and (3) to develop tlte 
competencies necessary to properly execute this role in a 
manner which is satisfying to him and his associates and 
which will further human progress. 

Although these goals have been basic to all educational 
efforts throughout history, educational programs and their 
specific goals have undergone and must continue to 
undergo changes; for these goals do presecibc human 
progress as one of their products. One of tlie products of 
tins progress is a society which channels much of its labors 
loward its own ** self-improvement through education. 
Today's society demands that a fourth general goal be 
added to the three already stated. (4) To develop students 
who accept personal responsibility to continue their 
education throughout life. To accomplish this goal, school 
programs must provide relevant independent learning 
activities through which the student can enjoy tlie 
excitement of learning and be motivated and prepared for 
an adult life of continual self-iinprovemenL 



Our dynamic st)cie(y demands that these four goals 
receive constant attention as school programs are evaluated 
and revised. l*rom the abundance of information available, 
educators must select programs and materials which relate 
to the.se basic goals. 

1.22 iSciciK'C Goals 

These general educational goals dictate that science 
programs must: (1) develop scientiHcaliy literate citizens 
who jnakc wise choices about the particular environment 
they encounter, (2) provide the proper training for those 
with the aptitudes and interests to become scientists and 
technicians. 

Both of these purposes demand that the student develop 
a comprehension of the conceptual patterns into which 
scientific knowledge has been organized. He must also 
develop an understanding of the universality of the cause 
and effect relationship, the processes man has employed to 
comprehend his natural environment and his relationship to 
it, the variuu.s mechanisms he has ased to control it, and the 
adaptations he must make to it These understandings result 
from actively using the mental skills of .scicncing and the 
manipulative skills needed to apply them. Some of these 
skills arc making, recording and reporting accurately 
observations; sorting relevant data; thinking convergcntly 
and aivergentiy tc> form liypotlicscs and generalizations; 
and making evaluative judgments to arrive at valid 
conclusions. 

For a student to fully discover, understand and execute 
his role in a dynamic society, lie must also develop ccriaitt 
attitudes, values and appriciations. Many of thc.se can he 
nourished by properly planned science programs. Some of 
the.se involve the development of a respect for knowledge 
and understanding, an open-minded attitude, an intellectual 
curiosity, a respect for intellectual honesty, an objective 
additude, a realization of one's own competencies and 
limitations and a sense of responsibility. These attitudes 
and values will be established by programs whicli provide 
pleasurable experiences through wliicli the student can 
discover the satisfaction derived from science learning. 
Science programs should also develop an appreciation for 
our scientific heritage and the contributors to lliat lieritage; 
for the ever expanding knowledge bank which iiuman 
endeavor, particularly the scientific enterprise, has 
produced: for the role of the pure scientist along with that 
of the practical inventor and technologist; for llie potentials 
of science and its limitations; and for tlic aesthetic order 
and beauty in nature. 

Science programs should be structured so these affective 
and cognitive skills do not find their sole application in the 
study of the scientific disciplines. Science programs can aid 
in developing citizens who strive to make sound decisions 
based on all available pertinent data and wlio continue their 
science and general education throughout life as they seek 
to improve their functions as members of society. Persons 
who conserve our natural and human resources should be 
another logical by-product of these programs. 

Science programs necessarily become progressively more 
specialized in secondary and higher educafion, but at these 
levels the above goals remain apropos to programs for 
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nun-sciencc sdulcnis. Prcscrvice and inscrvicc programs for 
teachers of science in elementary and secondary schools 
must he designed to develop classroom practices which will 
promote these goals. In addition, these programs nuisl 
provide the teacher with a reali/.ation of how !ie can 
manipulate the existing classroom environment to 
accomplish these goals. 

These general goals provide direction for planning of 
school science programs. They also can help communicate 
to the general public what the schools arc attempting to 
accomplish; however, to assure that these goals are rcali/.cd, 
teachers and curriculum developers will need to reduce 
them to a scries of sequentially stated instructional 
objectives. These objectives must be consistent with the 
learner's development and background and stated in terms 
which will allow the teacher to know when each has been 
rcali/cd. 



'• This statement of finals is an adaptation of a positioii 
paper of the Council of State St-ienee Mipervisiors on 
"Object i\’cs of Scienee Prof*rams," part of an unpublished 
document, This UV It was adopt ('d in roughly its 

present form by (he Indiana State Seiem'e .AdvisorN* ('onv 
mitteo in February. 19(i9 as ".A Statement of ('«oa!s for 
Indiana Sehool Selenee Programs" , and siiiee then, has 
reeeived limited elreulation under the suhtlthn Proj(‘ct ~ 
D.l'.F. 
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2.0 imi)Oii;ml FIumuos in Seliool Si'ionco rrofirains 



The foregoing slalcnieiit of goals for school science 
programs identifies several themes or threads that should 
permeate the entire K-IT science curriculum. These can be 
grouped into five main categories. These are: (1) the 
processes of scicncing, i.e. the mental transformational 
skills used in scientific investigations; (2) the conceptual 
.schemes of science, i.e. the big ideas man uses to syntliesi/.e 
the multitude of facts he discovers about nature into a 
comprclicndiblc body of knowledge; (3) the values and 
altitudes for living which are derived from science leaining 
experiences; (4) the usable psycho-motor skills of sciencing; 
and (5) the subject matter of science, i,e. knowledge of the 
facts discovered by scientists which have been traditionally 
taught in school science instruction. 

There has been much discussion about which of these 
major themes should receive the main emphasis in science 
curriculum design, i.e. toward which of these should the 
major ininact of science instruction be directed. These 
Guidelines were built upon the philosophy that if a science 
program effectively serves today’s youth, it must emphasize 
each of these themes. It must place each in the proper 
perspective since each has a unique contribution to make to 
the child’s totai education. 

The manner in which this multi-emphasis approach may 
be achieved will be discussed in 3.23. This section discusses 
the nature of each theme with regard to its importance in 
science learnings. 

2.10 The Processes of Sciencing 

Tliere are certain processes (mental techniques and 
skills) that characterize the thinking of a scientist. Although 
very few will become scientists, life in today’s and 
tomorrow’s society demands that each citizen comprehend 
the nature of scientific thought. Mastery of the processes of 
science can contribute to the total education of the child 
because of their high transferability. Sciencing (both 
natural and social) is more inductive or synthetic while the 
thinking required for most other school subjects, 
particularly mathematics and the language arts, is more 
deductive or analytical. Educational research indicates that 
inductive thought cannot be mastered by students being 
told or reading about the processes involved. They must 
have actual experience in using these skills. Adults who 
properly utilize the data the scientific enterprise provides 
must experience the techniques used in arriving at these 
data. This is necessary if they arc to have some idea of the 
capabilities and limitations of science as well as the 
significance of and restrictions on its data. Additionally, in 
today’s society, they must collect and process the data 
needed to make everyday decisions. 

2.1 1 The Process Hierarchy - Its Need and Descriptioii 

Even though the student must be a practitioner of 
science if he is to comprehend and master the processes of 
sciencing, the processes he is asked to master must be 
consistent with his mental growth and development. 
Although no teacher would ask a student to write a 
complex sentence before he can form the letters of the 
alphabet* or to extract square roots before he can add two 
single digit numbers, it has not been uncommon to find 
examples in science instruction of comparably absurd 
assignments. Some students have been asked to perform 



complicated investigations before they have mastered 
making precise t)bscrvations. Just as there are simpler skills 
to be mastered bcibre students can accomplish the more 
complex ones in language and mathematics, there are 
simpler processes of sciencing to be mastered before the 
student can perfonn the totai synthetical act. Since this 
inductive reasoning often involves abstract thought, total 
sciencing can be performed by only a few students before 
junior liigh school. On the other hand, to delay all sciencing 
until junior liigh school is just as unrealistic since there arc 
simpler sciencing processes to be mastered before complex 
investigations and syntheses can be prei’ormed. 

In classroom instruction and curriculum development 
each process should be introduced as the student acquires 
some mastery of the prerequisite processes. This in turn, 
requires ordering the processes in a series which indicates 
those processes whose mastery is antecedent to the 
performing of other processes. Such an ordering is called a 
process hierarchy. 

Considerable work in recent years has been devoted to 
the development of a valid hierarchy for the processes of 
sciencing. Much of the work of the Commission on Science 
Education of the American Association for the 
Advancement of Science in developing the elementary 
science program, Sciouc-A h'oeess Approach, involved 
validating one such hierarchy. T2 Although this research 
indicates that this hierarchy is a valid one, several problems 
arise in generalizing it to all K-I2 science instruction. The 
three major ones are: (1) Is it the only valid hierarchy for 
the elementary grades? (2) Does it contain all the sciencing 
processes? (3) Wliat other processes arc required to extend 
it to include secondary programs and pre-school programs 
as well as to provide for disadvantaged students entering 
kindergarten or first grade? In an attempt to compensate 
for these possible deficiencies, an inferred hierarchy, drawn 
from several sources, lias been employed in developing this 
publication. The processes were ordered by inference! It is 
the opinion of the committee that this hierarchy is fairly 
valid, and as such, should be tested. 

2. 1 2 The Inferred Ptvccss Hierarchy 

This iiiferred hierarchy of processes is given in Chart 2.1. 
The more complex acts are at the top and their antecedent 
processes arranged in the lower levels of the scheme. 

The inclusion of operational definitions of each process 
mentioned in this hierarchy might be a welcome addition to 
this publication for many readers. These definitions have 
not been included for three reasons: (1) their inclusion 
would considerably lengthen this section as well as the total 
publication; (2) most of these definitions can be found in 
current education and science education literature; and (3) 
the reader can easily develop his own operational definition 
for each proce.ss by referring to first and third column of 
the objective list in 3.30 (p. 19 thru 110) and noting the 
objectives which call for utilization of the various processes. 

Some duplications and overlaps must exist in this 
hierarchy. For example, one would be performing much the 
same type of transformations in ordering, equating and 
sequencing as in using space-time relationships, using 
numbers, and measuring. Such duplications are necessary to 
eliminate gaps in the complete coverage of the processes of 
sciencing. 
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Aiiollicr type of cluplicaiion occurs which involves 
repeating siniihir processes at various levels of 
sophistication. The most prominent example is the series of 
processes involving the various forms of generalization, i.e. 
categorically conceptualizing, assimilating, generalizing, 
synthesizing, synthesizing results and character building. 
The complexity and abstractness of the entities to be linked 
increase from simple particular characteristics of concrete 
objects in categorical conceptualization to comprehensive 
abstract principles and values in character building. Other 
strands exist involving a similar duplication. 

2. 1 3 Usif^ a I^ocess Hierarchy 

A Process Hierarchy might be operationally derined as: 
A sequence of specific mental skills used to transform 
information in the acts of learning and problem solving and 
ordered so the transformation utilized at any given 
performance level depends on some proficiency in most of 
the transformations listed in all levels below it. 

Th is definition docs not imply that a person who can 
perform complex mental jiroccsscs will not also be 
performing lower level transformations, in fact, a 
soj)Iiisticatcd .scientist often uses several low level 
transformations (such as discriminating or observing) when 
he encounters a new phenomenon prior to synthesizing it 
into a reorganized concept ural reference frame. Thus, some 
high school objectives may involve only low level 
transformations, but the high school science curriculum 
must not be overdoaded with sucii activities. These simpler 
processes are usually necessary inferences of higher level 
transformations. On the other hand, in introducing new 
pheiioiiiena such as electromagnetic waves, radioactivity or 
certain socio-interdependencies, objectives may need to be 
sj)ecifieally stated in terms of a lower level process. 

Although several students in a class may have progressed 
to near the same position in tlie Iiierarchy, not all the 
students in any class will be equally advanced. The teacher 
must therefore alter his objectives and strategies to allow 
for individual differences if he is to promote student 
mastery of antecedent processes before forcing the 
performance of more complex transformations. 

On the other liand, it would be incorrect to assume that 
once a student has achieved proficiency in a series of 
processes, he should attack new problems using these 
processes in a neat sequential order. Quite the opposite is 
likely true. Although certain individuals may attack 
problems in an orderly manner, transposing one person’s 
method on another completely ignores the psychology of 
individual differences. Any study of major scientific 
discoveries reveals that even two scientists differ 
considerably in their approach to scientific investigations. 
The hierarchy, therefore does not describe how a student 
should undertake the study of a science problem but 
merely identifies, particularly at the elementary and junior 
high levels, the kinds of activities the child is ready to 
attempt or should do for compensatory work. 

2.20 The Conceptual Schemes of Science ^ 

Man in his attempt to comprehend his environment has 
found it helpful to synthesize his knowledge into a few big 
ideas. These generalized ideas give him a framework from 



which to interpret new phenomena he eiicountois. Such 
ideas are often referred to as the coiicepmal schenics of 
sr'icnee. Tt) provide some comprehensible threads around 
which to organize the school science curriculum, scientists 
and science educators have attempted to identil'y (he con- 
ceptual schemes which encompass the whole of science 
knowledge. The resulting sets have varied in number from 
about six to twelve. 

Problems often arise in ajijdying these sets to curriculum 
design and classroom programs. These problems ari.se from 
three main sources wliich are: (1) When these statements 
are few in number, they are often so generalized that many 
persons, even some scienti,sts, have difficulty seeing the 
total encompassment of science in them. (2) Such 
comprehensive statements do not communicate effectively 
to all teachers, particularly elementary teachers whose 
backgroui\d in science is often somewhat limited. (3) There 
are ideas concerning the interaclit)ns of scientific 
knowledge with other bodies of knowledge which should 
legilimalely be included in the science curriculum but often 
are not covered by a set of conceptual schemes restricted to 
the structure of science. 

Expanding the number of big ideas in the set may also 
present problems. First, the set becomes long and 
somewhat cumbersome to work with. Secondly, the 
generalization of the satne fact, simple concept or principle 
may support two or more conceptual schemes. In fact, 
more than one of the “ordinary conditions" schemes may 
eventually be synthesized into a more com[)rehensive 
member of the set. On the other hand, such an expanded 
set has the advantage of improving communication and 
comprehension. To make these Guidelines as useful as 
possible to all schools and teachers in Indiana, an expanded 
set is utilized. The resulting set contains seventeen 
statements of major generalizations of scientific knowledge. 

2.2 1 Statcmcjit of the Conceptual Schemes 

Although a conceptual scheme is an idea which cannot 
bo communicated by a summary word or phrase^ each 
scheme has been given a title so the objectives in the next 
section can be coded to the schemes. 

2.21- 1 Differences and Similarities of Objects. There are 
differences and similarities in all objects (both living and 
non-living) in the neutral world. These differences and 
similarities ean be used to develop classifications hierarchies 
which are useful in inferring and predicting the properties 
and characteristics of unfamiliar natural objects. 

2.21- 2 Fundamental Structures. All objects (both living 
and non-living) in the natural world can be analyzed in 
terms of their component parts and a hierarchy of systems 
around which these components are organized. Tlie 
ultimate units of analysis are the fundamental particles 
which presumably have the same characteristics tliroughout 
the universe. 

22\’3 Space /Time Reference Frames. All natural objects 
exist in time and space. Their attributes and behavior can 
only be comprehended from the proper space-time 
reference frame. 
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2.21- 4. Force Ficlc/s. All natural objects distort (or effect 
changes in) the space and time in which they exist. These 
distortions create forces around the object that affect the 
behavior of other objects entering these force fields. 
Descriptions of these effects are dependent on the space 
reference frame chosen. 

2.21- 5. Constant Change. All objects (both living and 
non-living) are in constant change. Descriptions of these 
changes are dependent upon the time reference frame 
chosen. 

2.21- 6. Statistical Descriptions. The qualities and behaviors 
of natural objects and their subunits can be described on a 
statistical basis. Communication of these properties to 
others requires the use of standard units, 

2.21- 7. Differctices and Similarities of Interactions. There 
are differences and similarities in the interactions of natural 
objects and their subunits. The differences and similarities 
can be classified into categories which arc useful in inferring 
and predicting events that occur during interactions. 

2.2\-%. Action Forces. Interactions occuronly asa result of 
unbalanced forces. 

2.21- 9, Matter Conservation. Under ordinary conditions, 
interactions of natural objects or their subunits may involve 
matter tiansformations; but matter is neither created nor 
destroyed. 

2.21- 10. Energy Forms!' There are many kinds of energy, 

2.21- 11. Energy Exchange. The interactions of natural 
objects or their sub-units involve the exchange of energy 
which may be transformed from one kind to another as 
well as transferred in kind. 

2.21- 12. Energy Conservation, Under ordinary conditions, 
during the interactions of natural objects, energy is neither 
created nor destroyed. 

2,2\A3. MatterjEnergy Conservation, All interactions tend 
toward equilibrium in which energy content (enthalpy) is a 
minimum and the eneigy distribution (entropy) is most 
random. In the process of attaining equilibrium, energy 
transformations, matter transformations or matter-energy 
transformations occur. Nevertheless, the sum of energy and 
matter in the universe remains constant. 

2.21- 14. Interdependency of Nature. There is organization 
in the universe and therefore there is an interdependency 
among all natural objects and their subunits. 

2.27-75. Generalized Perceptions. To comprehend his total 
environment and his interrelationships with it, man has 
developed mental constructs (concepts, principles, theories, 
and “natural laws”) to interpret it. These constructs can 
exist only beause man believes nature is not capricious and 
sample observations can therefore be generalized. Since 



these are constructs of the liimian mind, they arc subject to 
continual revision as new observations arc made which are 
in coiillict with them. 

2.21- 16. Science and Technology. To man, some of the 
most important interactions in nature arc those which 
affect his general welfare and survival; thus, he continually 
strives to better comprehend and interpret the universe and 
his interactions with it in order to improve the quality of 
these interactions. This had led to man’s technological 
(including medical) acliicvcmciits and the continual 
modification of technological devices. 

2.21- 17. Science and Society, Important to man is his 
interaction with his fellow man. This interaction has led to 
the development of his communicative techniques and the 
humanities. These have created another class of interactions 
which can only be understood in terms of man’s humanistic 
constructs and values and their interrelationships (con- 
frontations) with the scientifically developed com- 
prehension of the universe and its technological appli- 
cations. 

2.22 Science Teaching and the Conceptual Schemes 

These seventeen generalizations can be used in 
organizing the K—12 science curriculum to give the 
processes of science direction. However, these 
generalizations are not ones which the student can learn 
and comprehend by committing them to verbal memory. 
He must synthesize them from his own encounters with his 
environment and/or science learning experiences. This is an 
ever-expanding process which begins with linking similar 
attributes (such as common colors and shapes) of concrete 
objects to form simple concepts (such as red or square). 
Simple concepts are chained to form principles and 
principles to form hypotheses, theories and “natural laws”. 
Eventually these theories are connected as generalized 
conceptual schemes. It is only when the student has had 
enough encounters with nature to make these 
generalizations internally via his own mental operations 
that we can say he has truly learned the big ideas. 

The need for direct experiences with the real world does 
not negate verbal learning and instruction in science 
programs. Often a student may have experienced enought 
environmental encounters to complete the required mental 
connection but his mind has not made the inductive 
linkage. At this point the teacher should enter with oral or 
written instruction (which might be either interrogative or 
declarative) to spark the needed creative linkage. The role 
of the teacher is therefore to arrange a proper mix of the 
various kinds of science learning experiences so the student 
can progress along this ladder of generalizing as rapidly as 
his mental ability and maturation will permit. 

Testing for the learning of generalizations provides one 
of the paradoxes of science curriculum design. Since it is 
impossible to examine directly the internal connections 
that exist in the student’s mind, we must look for external 
evidence that the internal transformation has occurred. A 
paradox exists as most of the overt evidence which the 
student can provide for direct examination involves his 
application or translation of the generalized idea to new 



phenomena which is a deductive or analytical process rather 
than an inductive or synthetic one. This however, is not 
unscientific since it is the approach taken by a creative 
scientist when he proj)oses a new theory or hypothesis to 
connect previously unrelated phenomena. Me must then put 
the new theory to test. Testing involves applying it to a new 
set of circumstance.s and checking to determine if the 
theory predicts what occurs. Only after several tests have 
reinforced the theory does the scientific community begin 
to develop confidence in the theory. If they do not, the 
theory is rejected. Similarly, in testing to determine if the 
student has in fact made a generali/ation, we can have 
confidence he lias made the proper mental linkages if he 
applies the new knowledge successfully to several new 
situations. If he cannot make these translations, we assume 
that he lacks the synthesis even though lie may verbalise by 
rote recall. 

2.30 The Values and Attitudes Derived from Science 
Learning Experiences 

Instruction that docs not relate to living and provide the 
learner with standards by which he can weigh his own 
behavior is of little worth to him. Although mastery of the 
processes of scicncing and comprehension of the conceptual 
scheme of science can provide the student valuable tools for 
critically evaluating his actions, surely some standards of 
behavior emerge from '’^nce learning experiences which 
can give direction to the studenfs present and future life. A 
close examination of science and sciencing reveals that not 
only do scientists and science teachers have moral 
standards, but the very progress of the scientific enterprise 
during the last four centuries is the result of an intrinsic 
value system. Scientists must accept this system and 
characterize it in their scientific work or scientific progress 
stops. 

This system may not encompass the total set of values 
which man has derived from a study of the humanities. On 
the other hand, it has much in common with that set even 
though the values may be stated slightly differently. Seven 
such values were identified by the Educational Policies 
Comnfission in Education and the Spirit of Science,^ This 
body was direclmg itself to a discussion of those values 
inherent to the spirt of science or rational thought which 
should pervade all of education. There may be other values, 
or at least attitudes, which science learning experiences can 
and should contributes to the student’s standards for living. 
After reviewing the statement of goals (Sec. 1 .22) and other 
sources, four more values or attitudes were identified. 

2.3 1 The Statement of Values and A ttitudes 

rhe resulting eleven values and attitudes are listed below 
with a brief commentary on each. 

2.3 M Longing to Kno\\^ and Understand 

Science has developed due to man’s continual desire to 
understand the world around him. Scientific progress 
results from this curiosity and the continual ‘discovery of 
new problems needing solution during the investigation of 
original problems. Such a curiosity can aid each person as 
he seeks to fulfill his social role. 



2.31- 2 Questioning of All Things 

Man's understanding of nature is tif his own conception 
and may be limited in eomprehensiveness by the reference 
frame of the observer, ('ertaiiity of conclusions is therefore 
replaced by probability. Although conscientious observers 
try to he as objective as pt)ssible in arriving at conclusions, 
later evidence often brings these conclusions into question: 
consetpiently, even many '"self-evident'’ truths must be held 
as suspect. Thus, each person must advance his own 
conclusions open-mindedly with modesty and humility 
since they may contain similar uncertainties, 

2.31- 3 Search for Data atid Their Meanitig 

The longing to know and understand is satisfied by 
interpreting the data one collects. Accurately collected data 
is of little value since as data it is merely unrealted discrete 
hits of information; however, such data is essential for the 
formation of generalizations which yield understanding. To 
connect this data into concepts, principles, theories and 
conceptual schemes demands the employing of the 
processes of sciencing by a creative, fiexiblc, unbiased 
mind. 

2.31- 4 Detnand for Verificatioti 

The hypothetical nature of theories and other 
generalizations suggests that they are subject to test. They 
must, in turn, be tested. Scientists do not merely accept the 
need for testing their conclusions; they actively search ways 
to make such tests. Such searching by each one to test his 
conclusions can give greater credibility to his call for 
honesty. 

2.31- 5 Respect for Logic 

The validity of untested inferences and predictions can 
be judged in terms of the consistency of the logic used in 
deriving (hem and (he relevancy and adequacy of (he 
premises on which the logic is based. Although inferences 
and predictions must eventually be tested by collecting new 
data, there would be little scientific progress without using 
the rules of logic. Such objectivity is needed in solving all 
types of problems. 

2.31- 6 Consideration of Premises 

In searching to understand nature, man must be careful 
not to draw conclusions that overextend the evidence. The 
observer must try to prevent kis own predispositions from 
shaping his collection and interpretation of data. He must 
also be aware of the limitations that the state of the art of 
sciencing imy place on the scope of his investigations. The 
interpretation of the data must not be extended to propose 
solutions to problems to which the data are irrelevant. One 
must therefore consider the capabilities and limitations of 
both himself and science as he seeks to be a responsible 
member of society. 

2.31- 7 Consideration of Consequences 

If one holds a belief or takes action that docs not 
consider implications or consequences, he is acting in 
partial ignorance. Although knowledge of consequences is 
always incomplete, a thinking person does not act or 
believe without attempting to project the effects of his 



iiclion. lie must cviiluato all possible alternatives and pursue 
a course of action which will have the least possible harmful 
backwash. This evaluation must not he linuted to personal 
and local consetiuences hut must consider the total human 
race of which his is but a single inemhcr. This sense of 
responsibility should he inherent in all human thought. 

2.3 1 -S l^cspcrt for Order in N Uurc 

As man considers the effects of his actions on other 
humans, lie is forced to consider an even wider circle of 
influence since there are inter-relationships linking all 
objects in nature. Although many of these inter-relations 
may he subtle, any careful study of nature will reveal them. 
vScicnce learning experiences should do more than produce 
an awareness of this order in nature. They should nourish 
this awareness into an active respect. 

2.31-^) Denunistrating Qmfidcnce and Satisfaction 

For the individual to fulfill his social role, he must have 
pride in his work. He can do this best when he can 
experience success rather than failure. This does not mean 
that his efforts must always lead to success hut that he 
directs his activities to this end. Science learning 
experiences should therefore be designed so that the 
student can attack life’s problems with confidence and with 
a hope of achieving satisfactory results. 

2.3 1 -1 0 Valning Scientific Heritage 

Intellectually each generation stands on the shoulders of 
all preceding generations. The scientific enterprise and its 
technological applications illustrate this principle. Even 
though scientific knowledge and understanding is uncertain, 
an appreciation of the value system which characterizes 
scientific study and the tremendous labor it demands causes 
one to respect this knowledge. One should reject it only 
after assembling enough contradictory evidence to justify 
such action. Students should have science learning 
experiences from which they can develop this kind of 
respect for our scientific heritage. 

2.3 1 - 1 1 Developing a Commitment to Aesthetics in Nature 

Science learning experiences should cause the student to 
consider the consequences of his action on nature and to 
respect the order that exists in nature. Beyond this, he must 
have opportunities to become actively involved in 
maintaining this order. 

2.32 Limitation of Science Learning Experience in 
Teaching Values for Livifig 

Although these eleven values or attitudes can be gained 
or, at least, enhanced by properly directed science learning 
experiences, they do not comprise a total value system for 
living. Others will be added to these from a study of the 
humanities and from other institutions of which the 
student is a member such as the family and church. On the 
other hand, these eleven can both supplement and reinforce 
those obtained from other sources as well as provide some 
guiding principles for evaluating and organizing a total value 
system. 

2.33 Evaluating the Learning of Values and A ttitudes 

There are many problems concerning how to teach for 



learning in the affective dt)main. Altlu)ugh teachers have 
always claimed that the development t)f attitudes, values 
and aj^preciatit)ns should he some t)f the most important 
outcomes of their instmctitin, true evaliiatit)n t)f these goals 
has seldom tKcurred, This failure nu)st likely results from 
the absence of effective elassrot)in measures for this type of 
learning. In the past, methods for evaluating such learning 
have received very little attention even in teacher training 
programs. However, as with all learning, if the behaviors can 
be identified which demonstrate that the desired learning 
has occurred, it is possible to construct a plan to evaluate it. 

Identifying overt activities tliat provide evidence that 
values, attitudes and appreciations have been learned is 
more difficult than with most other types of learning. 
Psychomotor learning is probably the easiest to evaluate 
since the overt behavioral change is usually nearly Identical 
to the desired learning. Evaluating learning in the cognitive 
domain is not as straightforward since the anticipated 
mental changes and the overt behavior evincing (hose 
changes are not identical. They become continually more 
divergent as one progresses from simple knowledge (or 
factual) learning to the more complex thought processes. 
This means that there is often a credibility gap between the 
measurement of learning and the actual learning. Although 
the testing instruments may validly indicate the examinee’s 
ability to perform acts which should demonstrate the 
anticipated learning, he may be responding correctly for a 
completely different reason. This credibility gap is even 
greater when learning in the affective domain is evaluated. 
There may be other factors besides the student’s internal 
value system causing him to display the overt behaviors 
which indicate he is characterizing the value. 

On the other hand, as discussed in 2.22, evaluation plans 
can be designed with a fairly high validity for measuring 
intellectual abilities and skills such as comprehending, 
applying, analyzing, synthesizing and evaluating. Such plans 
confront the student with situations which require using 
these kinds of thought. Evaluation in the affective domain, 
although admittedly less certain, should be very similar. It 
should evaluate the student in situations where he must 
apply values to determine his course of action. Since other 
motives (such as knowledge of the teacher’s values) may 
cause the student to respond as a particular value would 
dictate, it is often necessary to evaluate the student under 
more relaxed conditions than for other types, of learning. 

2.34 Teaching for Values and Attitudes 

As indicated above, one problem in evaluating learning 
in the affective domain is the identification of the overt 
behaviors which indicate tills kind of learning. Teachers 
have often failed to identify those behaviors which char- 
acterize persons committed to desired values. They have 
also failed to design classroom strategies and learning situ- 
ations through which students can either display or apply 
these values and attitudes. Perhaps even more critical is the 
failure of common evaluation systems to rev/ard students 
who act positively in terms of desired values and attitudes. 
Many evaluation systems which test only for recall com- 
pletely negate any positive attitudes that may have 
developed. 

If values and attitudes are to be learned, positive 
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behaviors niusl be idenliried. Then edueatioiial strategies 
must be designed not only to allow for the behaviors, but 
to actively encourage them. If the “questioning of all 
things" is a desirable value, then the classroom atmosphere 
must be such that the student can freely question and the 
evaluation system must reward him for this questioning. If 
he should have “respect for logic'’, then he must have an 
opportunity to think logically and be rewarded for doing 
so. If a driving “search for data and their meaning" is a 
desirable attitude, the student must be given opportunities 
to search, be encouraged to do so and be rewarded for 
searching, bach of the eleven values could be discussed in a 
similar manner; however, the important principle to be 
considered in teaching for value learning is that behaviors 
must be identified that evince value learning and 
instructional strategies designed to encourage and reward 
these behaviors. 

2.40 Psyeho-motor Skills in Seienee Learning Experienees 

If a student is to be an actual practitioner of science, he 
will need to perform many manipulations with equipment 
and instruments. Although each investigation requires a 
unique assemblage of apparatus, there are several 
instruments and techniques which are common to several 
acts of sciencing. Most manipulative skills will demand 
some cognitive learning during the student’s initial 
experience with them, but if they are to be useful to the 
student in varied activities, they need to be reduced to 
stimulus-*- response or chaining type reactions. These 
psychomotor skills include reading a multitude of 
measuirng insturments from the simple meterstick through 
thermometers, graduates and burets to balances, electrical 
meters, barometers and vernier scales, adjusting and 
focusing microscopes, mixing chemicals and manipulating a 
slide rule. 

Acquisition of these psychomotor skills will facilitate 
the student in his sciencing. They may actually sharpen his 
psychoniotor reflexes or transfer to real life activities, but it 
is unrealistic to consider these as the major goals for science 
learning. They are only tools which the student can use to 
achieve other objectives both in school and out. Even 
though the initial acquisition of the skill may require 
systematic instruction, this instruction should be 
considered only as a means to an end by both teacher and 
student. 

2.50 The Subjeet Matter of Science 

Since the major emphasis of this section has been on the 
processes, conceptual schemes and values and attitudes 
intrinsic to science, it might appear the importance of the 
subject matter of science is being reduced. It may be true 
that much past science teaching has overemphasized the 
regurgitation of “scientific facts” — often little more than 
isolated bits of data. Additionally “scientific knowledge” is 
exploding much too rapidly for any one person to catalog it 
totally. Conversely mental transformations must operate on 
data, generalizations must link facts, and values and 
attitudes result from interpretating data; therefore sciencing 
cannot occur in a vacuum. It must operate on something. 
This something is the subject matter of science courses with 
proper expansion and selection to include the student’s 
totgl relevant physical and biological environment. 



As can be seen b>' reading the objectives, these 
Guidelines do not slight science subject matter. .Since veiy 
few factual details are retainetl by the learner, the appeal 
here is for school science programs which are directed 
toward helping the student discover, understand and 
execute his role in a dynamic society by -using the processes 
of sciencing to arrive at generalizations which he can apply 
to real world problems after evaluating them by an 
organized value system. Only as science subject matter 
contributes to the education of this kind of productive 
individual does it have reason for being a part of the school 
curriculum. 
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3.10 The Role of Perfomiaiice Objectives in Instructional 
Planning 

It has been emphasized that instruction must be 
evaluated in terms of its outcomes, i.e. its benents to the 
students. For this to be effectively accomplished, school 
systems, schools and teachers must clearly define: 

1. Where they are going, 

2. How they are going to get there, 

3. How they are going to know when they have arrived. 

3.11 The Need of Sped fie Imtmcliojial Object iveia 

Defining these points requires specific instructional 
objectives for each lesson. These objectives should identify 
those overt student behaviors which demonstrate that the 
desired learning has occurred. As schools arc held more and 
more accountable for their programs, it is only as they plan 
and evaluate their programs in terms of specific 
instructional objectives that they can provide concrete 
evidence of their effectiveness. 

If a genera] goal of science is to develop an 
understanding of the constant change which occurs in 
nature, what is it that the student can do to demonstrate 
tills understanding? Although the understanding of this idea 
will become progressively more sophisticated as the student 
matures, there should be certain identifiable steps along the 
road to its eventual realization. Many texts use the principal 
of seasonal changes as a desirable second grade subconcept 
in this hierarchy. But it is too elusive to state the goal for a 
second grade unit as: The student should develop an 
understanding of seasonal change. Its attainment cannot be 
easily evaluated. Instructional objectives must deal with 
specific basic concepts which are prerequisite to the 
synthesis of this principle and for wliich specific overt 
behaviors can be identified. 

What are the student behaviors that indicate student 
comprehension of seasonal changes? It is when he can state 
verbally that deciduous trees lose their leaves in the fall? Or 
that it is hot in the summer and cold in the winter? Or that 
many perennial flowers bloom in the spring? 
Comprehension of this principle involves the synthesis of 
these concepts with many others, but converting these 
questions into objective format would lack the specificity 
needed for effective evaluation. Consider an objective that 
says: The student should be able to recognize that certain 
trees lose their leaves in the fall. The behavior 
demonstrating this recognition should be identified. Is it 
identifying a pictuic of a fall scene? Or predicting the 
changes that will occur in a picture of a summer scene when 
autumn arrives? Or identifying trees that lose their leaves 
and those that don’t. Or identifying from a selection of 
pictures or twigs, the season of the year during wliich the 
pictures were taken or the twigs were initially collected? 
Again, performing each of these acts can contribute to the 
recognition that certaintrees lose their leaves in the fall, but 
an instructional objective needs to be more specific to be 
useful in evaluating instructional effectiveness. 

One such objective might be: The student will, after 
observing several summer-autumn picture sequences of 
various trees, predict some easily observable characteristics 
that will be displayed by a given tree in the fall after 



viewing a picture of the same tree taken during the su:nmer. 
Tb.esc pictures may either be prepared prints or actual 
photographs taken either by the teacher or the class for this 
purpose. Those student;, win. pn'di'-t -hesc changes wii!i 
reasonable accuracy three out of foui times will be 
considered to have accomplished this objective. 

Many teachers have fears that staling objecti\es with this 
specificity will dehumanize instruction. While some of these 
fears may have foundation, many are more imaginary than 
real. Most good teachers already utilize uns.'alcd but 
mentally envisioned specific objectives in plain. ing their 
teaching and testing. Their classroom activities and the 
testing programs would likely be more consistent if these 
objectives were clearly stated and available for their 
continual reference. Secondly, we have often failed, as 
mentioned in 2.22 and 2.33, to clearly identify and define 
those overt behaviors which demonstrate that the desired 
learning has occurred. If school programs arc to be justified, 
this problem must be solved. Thirdly, some teachers feci 
that such objectives will constrict education to an assembly 
line approach. As has been emphasized, objectives must be 
personalized to help each student discover, understand and 
execute his role in a dynamic society. Specific instructional 
objectives will therefore aid teachers to more effectively 
fulfill their professional role. 

h is only when instructional objectives have been clearly 
stated that teachers can know where they arc going, how 
they are going to get there, and when they have arrived. 

3 . 12/4 Word of Caution 

Some caution is needed in using specific instructional 
objectives. Their achievement must not become an end to 
itself but must remain as a step in an efficient means for 
accomplishing the purposes of education and the general 
goals of the curriculum area. Thus, the stated specific 
objectives must undergo continual review to determine 
their relevancy and adequacy for meeting students needs 
and educational goals. Plans for this kind of evaluation, in 
addition the usual evaluation of objective achievement, 
should be part of any curriculum improvement program. 

3.13. Performance Objectives In The Instructional Program 

Although the above precisely stated instructional 
objective is one wliich gives definite direction in planning 
classroom strategies, it would be unwise to use this 
specificity in a State publication. On the other hand, to 
outline only broad goals for the various grades and courses 
in the school science program would be of little value to 
Indiana schools and teachers. A State publication should be 
most useful if the objectives it contains are specific enough 
to provide school science programs direction but general 
enough to allow teachers and schools the flexibility and 
creativity necessary to serve their particular students. 

Both the terms and their definitions used in discussing 
educational objectives have been subject to considerable 
controversy. To minimize this problem, the approach taken 
in these Guidelines was to identify levels of objectives 
which needed attention, assign each an appropriate 
descriptive term and use these terms consistently. The 



(eriiis chosen were: i^cncral aluaUioffal pinp<)ses, avw/.v, 
pcrfonnancc objectives and histmetional objectives. 

The i^ciieral educational purposes and goals used in this 
publication arc stated in 1.2 and 2.0. 

Although often used interchangeably with the 
terms: “behavioral objectives’' and “insiructional 
objectives,” in this \n\b\iciii\on perfontiance objectives refer 
to those objectives which identify the specific desired 
student behavioral act without specifying either the 
conditions urider which it will occur (except when needed 
for clear communication of the act) or the criteria of 
acceptable performance. 

Section 3.30 of tliese (uiidelincs contains a list of nearly 
900 such objectives. The committee has identified these as 
common (even though not so stated) to most science 
programs or as desirable additions to present programs, 
iwen with this massive number of assembled objectives, 
local schools should not consider this list either restrictive 
or prescriptive. Eacli school must review it and add or 
subtract objectives as the local situation demands. It is, 
however, ihc hope of the committee that this list may serve 
local schools and teachers as a base from which they may 
review their present program and gain direction in 
improving it. A more detailed discussion of the structure of 
this list is contained in 3.20. 

The term instructtonal objectives refers to those 
objectives which not only identify the specific desired 
student behavioral act but also the conditions under which 
the performance of the act will be measured plus the 
criteria for acceptable performance of it. The objective in 
the fourth paragraph of 3.1 1 is of this type. 

As already mentioned, it seems beyond the realm of a 
State Committee to develop instiuctional objectives for 
local classrooms. The conditions under which the 
measurable act is to be performed is, to a very great extent, 
determined by local conditions and facilities as well as by 
student interests. Although criteria of acceptable 
performance must be developed by testing in the local 
situation, they must be realistic in terms of the background 
and ability of the students. Conditions and criteria will 
therefore vary from school district to school district, 
usually from school to school, often from classroom to 
classroom, and in truly relevant programs, from pupil to 
pupil. The writing of instructional objectives must therefore 
be left to local teachers and curriculum planners. Many of 
the performance objectives (particularly at the upper grade 
levels) in the list in 3.30 can be expanded into an array of 
instructional objectives to develop the various competencies 
required for the student to demonstrate an acceptable 
performance of the specified act. 

For each instructional objective, the teacher must 
develop one or more classroom strategies to lead to its 
achievement. These strategies should include activities and 
materials and must be planned in terms of available or 
obtainable resources. 

3.20 The Format of the List of Performance Objectives in 
These Guidelines 

The pattern used in organizing the list of performance 
objectives involves branched sequential subject matter 
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strands coordinated with the processes. concej)Uial 
schemes, and attitudes by a parallel column structure. Hach 
of these leaturcs is brielly discussed in the next three 
subsections. 

3.21 Strand Strnctnre 

The more traditional subject matter areas of science are 
used as the categories or strands for sequencing the 
performance objectives, h'or the elementary and junior 
high-middle .school, the objectives arc organized into four 
strands. These arc: living things, matter and energy, earth 
and space, and a general strand which cuts across all of the 
other three strands by including o^^jectives which cither arc 
common to each or arc procc.ss and skill objectives which 
support the scicncing objectives in each. Due to the 
pervading nature of this strand it is placed first in the 
presentation of the pcrfoniiancc objectives in 3.30. 

At the senior liigl:. level the performance objectives are 
branched into five strands to more closely fit the customary 
organization of the senior high science curriculum. These 
arc: general, biology, chemistry, earth science and physics. 

For a more detailed description of how the objectives in 
these strands should be employed in determining the 
content of various courses sec 4.3 1 thru 4.33. 

3.22 A Continual Sequence With Breaks 

Although it seemed undesirable to specify grade level 
usage for the objectives, two concessions were made. 

First, the list is organized into three separate lists: one 
for the Kindergarten and Elementary grades, one for the 
Middle School — Junior High years, and one for Senior 
High School. This categorization suggests the overlapping, 
nongraded nature of the list. In the senior high lists tto 
attempt is made to distinguish objectives appropriate for 
introductory courses in the four disciplines from those 
appropriate for advanced courses. These decisions should be 
based on local conditions and student ability. (This point 
will also be more fully discussed in 4.33.) 

The second concession was to indicate in each 
Elementary strand the objectives appropriate for the 
average student in any particular grade of a traditionally 
organized elementary school by inserting into the objective 
column. Levels One through Six notations. Due to the lack 
of uniformity in kindergarten programs, particularly in 
terms of science experiences, kindergarten and first grade 
are considered as one. Schools and teachers are cautioned 
not to consider these as prescriptive notations but as 
suggestive guides only. Students must begin working at 
their level of development and be allowed to progress as 
rapidly and as far as their maturation permits. 

3.23 The Parallel Columns and Their Use 

The lists of perfo/mance objectives are organized in four 
parallel columns. Column I lists the processes which the 
student would use in achieving the performance ob- 
jective. Column 2 indicates the conceptual scheme wit): 
which the objective may be identified. Column 3 states the 
performance objective. Column 4 gives the values and 
attitudes that performance of the objective should help 
develop. Where more than one process, conceptual scheme. 




or value or attitude is involved, the ones felt to need the 
greatest emphasis are set in italies. 

Columns 1 ,2 & 4 will be helpful to local school districts, 
schools, and particukiiiy teachers as they implement these 
Guidelines, i.e. as they refine these perrorniance objectives 
into instructional objectives, classroom strategics and 
evaluation procedures. The processes should help them 
identify the type of science learning experiences which will 
lead to the desired student perrorniance. The conceptual 
schemes should help teachers define a direction for these 
activities and help them identify the emphasis for follow-up 
discussion and evaluation. The values and attitudes should 
help them define the classroom atmosphere most conducive 
to the achievement of the objective as well as provide 
additional direction for follow-up discussion and 
evaluation. 

3.30 The List of Performance Objectives 

On the following several pages are listed nearly 900 
performance objectives which the committee liopcs will aid 



the schools of this State as they attempt to improve their 
service to Indiana youth. 

This list of objectives still needs refinement, Althougli it 
has been reviewed by several teachers throughout the State, 
insignificant, or inappropriate, or redundant or poorly 
worded objectives may remain. There may be gaps in the 
coverage of signincant subject matter. Some of the 
sequencing may be inappropriate. The taxonomy of 
processes, conceptual schemes and values and attitudes may 
not always be entirely correct. The help of classroom 
teachers, science supervisors and researchers in science 
education is solicited to correct these possible flaws and to 
validate the hierarchy of processes, the set of conceptual 
schemes and the set of values and attitudes. It is hoped that 
such findings will be funnelled to the Curriculum Division 
of the Office of the State Superir.lendent of Public 
Instruction. Willi this help, it may be possible in three or 
four years to revise these Guidelines into a publication that 
can have even greater impact on school science programs in 
Indiana. 
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3.31 - G Elementary School Objectives- General 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Usinf^ Numbers, 
Observing 

Classifying, 
Observing, Multiple 
Discriminating 


Statistical Descriptions 
Generalized Perceptions 

Differences and Similar- 
ities of Objects 


Level One: 

1. identify sets of objects and events in 
terms of number of nionibers. 

2. construct sets on the basis of pro- 
perties such as: rough, small, large, 
same, different. 


Search for Data and their 
Mean ing. Demo nstrati ng 
Confidence and Satisfaction 
Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 


Classifying, 
Observing, Multiple 
Discriminating 


Differences and Similar- 
itie.s of Objects 


3. 


identify and distinguish common colors 
and shades in terms of lighter than 
and darker than. 


Search for Data and their 
Meaning, Demo nstra ti ng 
Confidence and Satisfaction 


Observing, 
Multiple Discrimi- 
nating 


Fundamental Structures 


4. 


identify when colors are mixed. 


Longing to Know and 
Understand, Search for Data 
and Their Meaning 


Using space/ time 

relationships. 

Categorically 

conceptualizing, 

Verbally associating. 

Observing 


Space/Time Reference 
Frames, Differences and 
Similarities of Objects 


5. 


identify and name circle, square, rec- 
tangle, triangle, ellipse, cube, sphere, 
side, shape, large, big, small, wide, 
narrow, long, short, pyramid and 
ellipsoid. 


Search for Data and Their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Classifying, 
Observing, 
Multiple Dis- 
criminating 


Differences and Similar- 
ities of Objects 


6 . 


identify sounds on the basis of volume, 
pitch, and duration. 


Search for Data and their 
Meaning, Demo nstrati ng 
Confidence and Satisfaction 


Classifying, 
Observing, 
Multiple Dis- 
criminating 


Differences and Similar- 
ities of Objects 


7. 


identify and classify objects on the 
basis of taste such as sweet, sour, 
salty, etc. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Using space/ time 
relationships. 
Observing, Com- 
municating 


Space/Time Reference 
Frames, Differences and 
Similarities of Inter- 
actions 


8. 


identify right, left, up, down, forward, 
and backward and demonstrate the 
direction of movement. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Ordering, 
Measuring, Using 
space/ time 
relationships 


Space/Time Reference 
Frames Differences 
and Similarities of 
Objects 


9. 


compare the length of two objects by 
matching them with a third object. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Classifying, 
Observing, 
Multiple Dis- 
criminating 


Differences ana 
Similarities of 
Objects 


10, 


use odor to distinguish and classify 
several objects. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Measuring, Using 
space/time 
relationships. 
Observing 


S tatistical Descrip- 
tions, Space/time 
Reference Frames, 
Differences and 
Similarities of Objects 


11. 


demonstrate a unit of linear measure 
by using a stick or other arbitary 
length. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Classifying 
Using space/time 
relationships, 
Observing 


Space/Time Reference 
Frames, Differences 
and similarities of 
Objects 


12. 


describe objects, lines,planes in 
terms of horizontal or vertical. 


Search for Data and their 
Meaning^ Demonstrating 
Confidence and Satisfaction 


Observing, 

Equating 


Differences and 
Similarities of Objects 


13. 


use more than one sense to identify 
objects or changes. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 
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Processes 


Conceptual Schemes 


OBJECTIVES; Dependent upon ability 
and past experience, the 
student will: 


Values and Attitudes 


Ordering, Using 
Numbers 


Differences and 
Similarities of Objects 


14. 


use numbers and their numerals to 
describe order or rank. 


Search for Data and their 
M ca n i ng. Do m o nsl ra ting 
Confidence and Satisfaction 


Measuring, 

Observing 


Differences and 
Similarities of Objects 


15. 


construct and/or use a simple balance. 


Consideration of Prennises 


Ordering, 

Measuring 


Differences and 
Similarities of Objects 


16. order objects by weight by using a 
balance. 

Level Two 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Communicating, 

Classifying, 

Measuring, 

Equating 


Differences and 
Similarities of Objects 
or Differences and 
Similarities of Inter- 
actions 


17. 


construct bar graphs to classify sets 
or objects and events. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Ordering, 
Using space/ 
time relation- 
ships 


Differences and 
Similarities of Objects, 
Space/Time Reference 
Frames, Constant 
Change, Generalized 
Perceptions 


18. 


identify and order units of time: year 
month, day, week, hour, minute, second 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Communicating, 

Measuring, 

Equating 


Differences and 
Similarities of Objects, 
or Differences and 
Similarities of Inter- 
actions 


19. 


interpret simple graphs and make 
comparisons of the objects or events 
using data recorded on a graph. 


Search for Data and their 
Meaning 


Classifying, 
Using space/ 
time relation- 
ships, 
Observing 


Space/Time Reference 
Frames, Differences 
Similarities of Objects 


20. 


identify, compare and classify objects 
using the concept of angles. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Using space/ 
time relation- 
ships, Commu- 
nicating, Using 
Numbers, 
Measuring 


Spacetime Reference 
Frames 


21. 


describe events in terms of time and 
date. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Using space/ 
time relation- 
ships. 

Measuring, 

Communicating, 

Assimilating 


Space/Time Reference 
Frames 


22. 


describe past events in terms of time 
lapse. 


Search for Data and their 
Mean mg, Demonstrating 
Confidence and Satisfaction 


Using Numbers, 
Measuring, 


Statistical Descrip- 
tions 


23. 


describe his observations in quanti- 
tative terms. 


Search for Data and their 
Afean mg, Demonstrating 
Confidence and Satisfaction 


Inferring, 

Observing 


Generalized Percep- 
tions and others 


24. 


distinguish observations from in- 
ferences. 


Demand for Verfication, 
Questioning of All Things, 
Respect for Logic, Consid- 
eration of Premises 


Classifying 


Differences and 
Similarities of Objects 


25. 


construct multistage classification of 
objects. 


Longing to Know and Under 
stand. 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will; 


Values and Altitudes 


Mcaaurinff, 

Usinj» space/ time 

relationships, 

Observinfj 


Space/l’ime Reference 
Frames, Differences 
and Similarities of 
Objects, Statistical 
Descriptions 


26. 


describe objects in terms of area by 
superposition of arbitrar>' units and 
standard units 


Search for Data and their 
Mcanii ig, Dem o ns 1 ra t i ng 
Confidence and Satisfaction 


Comm unicat iufi, 
Observinj^ 


Differences and 
Similarities of Objects 


27. 


describe an object so a second person 
can identify the object in a collection 
of similar objects. 


Search for Data and their 
Meaning, Respect for Logic, 
Demonstrating Confidence 
:ind Satisfaction 


Communicating^, 
and others 


Generalized Perceptions. 
Differences and Similar- 
ities of Objects or 
Differences and Similar- 
ities of Interactions 


Level Three 

28. use a variety of communication skills 
such as oral and written language, 
manipulative skills, and art skills to 
inform other students of his findings. 


Search for Data and their 
Meaning, Respect for Logic, 
Demonstrating Confidence 
and Satisfaction 


Measuring, Using 
space /time 
relationships. 
Equating, Using 
Numbers, Commu- 
eating 


Stat is t ica 1 D esc rip t ions, 
Spacc/Time Reference 
Frames, Differences and 
Similarities of Objeevs 


29. 


compare the lengths of various objects 
with standard units in the metric 
system (centimeter, decimeter, meter). 


Search for Data and their 
Meaning 


Measuring, 
Equating, Using 
Numbers, Commu- 
nicating 


Stat is t ica 1 D esc rip t ions. 
Space /Time Reference 
Frames, Differences and 
Similarities of Objects 


30. 


compare quantities of mass with 
standard units in the metric system 
(gram, kilogram). 


Search for Data and their 
Meaning 


Measuring, Using 
space/ time 
relationships. 
Equating, Using 
Numbers, Commu- 
nicating 


S ta t is t ica 1 D esc rip lions, 
Space/Time Reference 
Frames, Differences and 
Similarities of Objects 


31. 


compare various areas of two dimen- 
sional shapes with standard units in the 
metric system (square meters, square 
decimeters, square centimeters). 


Search for Data and their 
Meaning 


Measuring, Using 
space/ time relation- 
ships, Equating, 
Using Numbers, 
Communicating 


Statistical Descriptions, 
Space/Time Reference 
Frames, Differences and 
Similarities of Objects 


32. 


compare quantities of volume, both 
solids and liquids with standard units 
in the metric system (liters, 
milliliters, cubic centimeters, 
cubic meters). 


Search for Data and their 
Meaning 


Measuring 


Statistical Descriptions 


33. 


use the metric system to describe 
objects in terms of mass, length, 
area and volume. 


Search for Data and their 
Meaning, Respect for Logic, 
Demonstrating Confidence 
and Satisfaction 






34. 


See Matter and Energy Objectives 37. 








35. 


See Matter and Energy Objectives 39. 




Inferring, 
Simulating, Using 
space/time relation- 
ships 


Forre Fields, Space/Time 
Reference Frames, 
Generalized Perceptions 


36. 


correctly use the term resistance to 
describe why simultaneously dropped 
objects of different shapes do not 
strike the floor at the same time and 
identify the differences between the 
objects. 


Search for Data and their 
Meaning 


Ordering, Measuring 


Differences and Similar- 
ities of Objects 


37. 


order containers on the basis of volume. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 






38. 


See Earth and Space Objective 1 




Us i ng Space/Ti m e 
relationships, 
Communicating, 
Equating 

Using S pace /Time 
relationships. 
Sequencing, 
Assimilating 


Space/Time Reference 
Frames 

Space/Time Reference 
Frames 


39. 

40. 


properly place objects according to 
directions: north, south, east and 
west. 

observe and identify movement 
with reference to a stable 
background. 


Demonstrating confidence 
and Satisfaction. 

Respect for Logic, Question 
ing of All Thing.s, Consid- 
eration of Premises. 


Testing, 

Inferring 


Generalized Perceptions 
and others 


41. 


demonstrate ability to make inferences 
and then support or reject each infer- 
ence on the basis of additional 
observations. 


Demand for Verification, 
Consideration of PreiriTses, 
Questioning of All Things 


Predicling, 

Communicating 


Generalized Perceptions 
and others 


42. 


demonstrate the ability to use graphs 
to interpret data by predicting, using 
extrapolation and interpolation. 


Demand for Verification, 
Consideration of Premises, 
Questioning of AH Things 


Using space/ 
time relation- 
ships, Measuring, 
Simulating, 
Communicating 


Space/Time Reference 
Frames 


43. 


construct and interpret maps of 
classroom, school grounds, and 
other areas. 


Demonstrating Confidence 
and Satisfaction, Consid- 
eration of Premises 


Testing 


Generalized Perceptions 
Differences and Similar- 
ities of Objects, or 
Differences and Similar- 
ities of Interactions, 
and others 


44. 


test his predictions. 


Demand for Verification, 
Questioning of All Things 


Communicating, 

Simulating 


Statistical Descriptions 


Level Four: 

45 construct a point or line graph which 
communicates observed data. 


Search for Data and tlieir 
Meaning 


Interpreting 
Data, Recog- 
nizing variables. 
Manipulating 
Variables 


Statistical Descriptions, 
Differences and Similar- 
ities of Interactions 


46. 


discuss reasons for controlling 
variables. 


Questioning of All Things, 
Search for Data and their 
Meaning 


Recognizing 

Variables 


Differences and Similar- 
ities of Interactions 


47. 


identify and name variables related to 
an investigation. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Interpreting 
Data, Inferring 


Statistical Descriptions 


48. 


identify data on a graph that support 
or do not support an inferred relation- 
ship between two variables. 


Search for Data and their 
Meaning, Respect for Logic 


Predicting 


Generalized Perceptions 


49. 


distinguish between predictions and 
guesses. 


Respect for Logic 
Consideration of 
Premises 


Interpreting 

data 


Statistical Descriptions 


50. 


construct graphs (including labels 
and scales for axes, etc.) to show 
the relationship between two 
variables 


Search for Data and their 
Meaning 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Measuring, 

Interpreting 

data 


Statistical Descriptions 


51. 


demonstrate a procedure for making 
indirect measurements. 


Search for Data and their 
meaning. 


DeHning 

operationally 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects 


52. 


identify an object on the basis of an 
operational definition. 


Search for Data and their 
Meaning. 


Defining 

operationally 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects, or 
Differences and Similar- 
ities of Interactions 


53. 


distinguish between operational and 
non-operational definitions. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Defining 

operationally 


Generalized Perceptions, 
Science and Society 


54. 


construct operational definitions. 


Demonstrating Confidence 
and Satisfaction 


Defining 

operationally. 

Manipulating 

variables 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects or 
Differences and Similar- 
ities of Interactions 


55. demonstrate the use of an operational 
definition. 

Level Five: 


Demand for Verification, 
Demonstrating Confidence 
and Satisfaction 


Manipulating 

variables 


Statistical Descriptions 
Interdependency of Nature 


56. 


identify and name the variables held 
constant, the manipulated variable and 
and the responding variable in an 
investigation. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Measuring, 

Interpreting 

data 


Statistical Descriptions 


57. 


demon.strate methods for making 
indirect observations of length, 
width, volume, etc. 


Search for Data and their 
Meaning 


Using Numbers 


Statistical Descriptions 


58. 


apply a rule for writing decimal or 
whole numbers in scientific notation. 


Demonstrating Confidence 
and Satisfaction 


Interpreting 

data, using 

space/time 

relationships, 

Formulating 

models 


Space/Time Reference 
Frames, Differences and 
Similarities of Inter- 
actions, Generalized 
Perceptions 


59. 


construct vectors to represent relative 
motion . 


Search for Data and their 
Meaning 


Interpreting 

data 


Statistical Descriptions 


60. 


demonstrate procedures for determing 
the mean, median and range of a set of 
measurements or other appropriate data 


Search for Data and their 
Meaning 


Formulating 

Hypotheses 


Generalized Perceptions 


61. 


distinguish between statements that are 
hypotheses and those that are not. 


Longing to Know and Under- 
stand 


Formulating 

Hypotheses, 

Interpreting 

data, 

Generalizing 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects or 
Differences and Similar- 
ities of Interactions 


62. 


construct an hypothesis from a set of 
observations. 


Search for Data and their 
Meaning 






Level Six: 




Interpreting 

data. 

Defining 

operationally 


Generalized Perceptions, 
and others (Space/Time 
Reference Frames for 
example given) 


63. 


apply a rule for calculating a quantity 
from two or more measurements 
(velocity from distance and time). 


Respect for Logic , 
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Processes 



Prcdk'linfi, 

Interpreting^ 

data, 

rranslatinjj 



Conceptual Schemes 



,S la I is I ica 1 1) esc rip (ion .9, 
(xenorali/.ed Perceptions, 
Differences & Similar- 
ities of Objects or 
Diferences and Similar- 
ities of Interactions 



OBJECTIVES: Dependent upon ability 

and past experience, tlie 
student will: 

B l. name the probability of the outcome 
of situations wliere the number is 
cou ntable. 



Values and Attitudes 



Pespccl for i>of^k\ vSeareh 
for Data and their Meaniiij*, 
Consideration of Premises 



Fornwlatinf^ 

Hypotheses, 

Experimenting, 

Interpreting 

data 



G eneraliz e d P creep (iof is. 
Differences and Similar- 
ities of Objects or 
Differences and Similar- 
ities of Interactions 



05, construct and demonstrate a test of 
hypotheses 



Pespret for Po^k\ Demand 
for Verification 



Synthesizing, 

Experimenting 



Fowl Lila ting 
models. 
Interpreting 
data 



Generalized Pcrcep lions. 
Differences and Similar- 
ities of Objects or 
Differences and Similar- 
ities of Interactions. 

Generalized Perceptions 



66. identify data collected from a test eon- Demand for Verification^ 
ducted by himself which support or do Questioning of All Things 
not support his hypothesis. 



67. describe what a model is and describe 
how models can be useful in 
understanding various concepts 
in science. 



Search for Data and their 
Meaning 



Experimenting, 

etc. 



Generalized Perceptions 



68. construct a question to be answered, 
construct a test that will provide 
data, demonstrate the test and 
collect and interpret the needed 
data. 



Longing to Know and Under- 
stand, Search for Data and 
their Meaning, Demand for 
Vei ification, Demonstrating 
Confidence and vSatisfaction 
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3.3 1 -L Elementary School Objectives - Living Things 



Proce.sses 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and pa.st experience, the 
student will: 


Values and 
Attitudes 


Classifying 


Differences and Similar- 
ities of Objects 


Level One: 

1. sort living things from non-living 

things. 


Consideration of From iscs. 
Demonstrating Confidence 
and Satisfaction, Respect 
for Order in Nature • 


Classifying 


Differences and Similar- 
ities of Objects 


2. 


distinguish between living and non- 
living things in an aquarium. 


Co/7 sf dera tion of Prem iscs. 
Demonstrating confidence 
and Satisfaction, Respect 
for Order in Nature 


Classifying 


Differences and Similar- ^ 
ities of Objects 


3. 


sort plants from animals. 


Consideration of Premi.ses, 
Demon.strating Confidence 
and Satisfaction, Respect 
for Order in Nature 


Cdmmunicating, 

Observing, 

Verbally 

associating 


Differences and Similar- 
ities of Objects, Science 
and Society 


4. 


describe orally a living or non- 
living object referring to 
several of its characteristics. 


Demonstrating Confidence 
and Satisfaction, Consid- 
eration of Premises 


Using space/ 
time relation- 
ships, Equating, 
Observing, 
Communicating 


Space/ Time Reference 
Frames, Differences and 
Similarities of Objects 


5. 


use two and three dimensional 
shapes and symmetry to describe 
shapes of plants and animals. 


Respect for Order in Nature, 
Demonstrating Confidence 
and Satisfaction 


Observing, 

Communicating 


Differences and Similar- 
ities of Objects 


6. 


identify and state variations in a 
set of similar living things. 


Questioning of All Things, 
Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 


Observing, 

Categorically 

conceptualizing, 

Multiple 

Discriminating 


Space/Time Reference 
Frames, Differences and 
Similarities of Objects, 
Generalized Perceptions 


7. 


identify some common plants found 
near the school 


Demonstrating Confidence 
and Satisfaction 


Classifying, 
Using space/ 
time relation- 
ships 


Differences and Similar- 
ities of Objects, Constant 
Change, Fundamental 
Structures 


8. 


distinguish between plants that loose 
their leaves in wi. br and those that 
do not. 


Demonstrating Confidence 
and Satisfaction, Consid- 
eration of Premises 
Respect for Order in Nature 


Communicating, 
Using space/ 
time relation- 
ships 

Sequencing 


Constant Change 


9. 


report the characteristics of the same 
tree at different times of the year 
(photographs, sketches, descriptions). 


Respect for Order in Nature, 
Longing to know and Ui>der- 
stand. Demonstrating Confi- 
dence and Satisfaction 


Classifying 


Differences and Similar- 
ities of Objects 


10. 


sort leaves according to size, color, 
simple compound, deciduous or 
coniferous. 


Consideration of Premises 
Demonstrating Confidence 
and Satisfaction 


Classifying, 

Sequencing 


Differences and Similar- 
ities of Objects, Science 
and Technology 


11. 


identify and plant some seeds. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Communicating, 

Measuring, 

Sequencing 


Constant Change, 
Statistical Descriptions 


12. 


observe, measure and record plant 
growth (see General 17 and 19). 


Search for Data and their 
Meaning, Respect for Order 
in Nature 
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Processes 



Conceptual Schemes 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



Me aimring. 
Using ''nacd 
time rciaiioiv 
ships. 

Sequencing, 

Equating 

Using space/ 
time relation- 
ships, Se- 
quencing, 
Equating 

Assimilating, 

Classifying 



Assimilating, 

Equating 



Observing, 

Equating, 

Inferring 



Classifying 



Communicating, 
Using space/ 
time relation- 
ships 

Assimilating 



Classifying, 

Observing, 

Assimilating 



Assimilating, 

Classifying, 

Sequencing 



Interdependency of Nature, 
Differences and Similar- 
ities of Interactions 



Interdependency of Nature, 
Force Fields, Energy 
Exchange 



Science and Technology, 
Differences and Similar- 
ities of Objects, Inter- 
dependency of Nature 

Science and Technology 
Differences and Similar- 
ities of Objects, Inter- 
dependency of Nature 

Matter Conservaticn 
Differences and Similar- 
ities of Interactions, 
Interdependency of Nature 
Energy Forms 

Differences and Similar- 
ities of Objects 



Space/Time Reference 
Frames, Force Fields 



Interdependency of 
Nature, Matter 
Conservation 

Differences and Similar- 
ities of Objects, Matter 
Conservation, Energy 
Exchange 



Interdependency of Nature 



13. identify the effects of water on 
plant growth. 



14. identify the effect of light on plant 
growth. 



15. grow a plant from a bulb. 



16. grow a new plant from a cutting. 



17. identify the basic needs of a green 
plant. 



18. classify animals into various cate- 
gories based on criteria which the 
student will select, such as: means of 
locomotions, body coverings, resem- 
blance to parents, type of home, 
means of securing food, etc. 

19. describe the behaviors of birds, 
squirrels, other animals and insects 
he sees in the classroom and in his 
community enviornment. 

20. water and feed an animal on the basis 
of observations he has made of the 
animal. 

21. identify the basic needs of an animal. 



Level Two: 

22. describe some of the interdependencies 
between animals and the environment. 



Search for Data and their 
Meaning, Respect j'or Order 
in Nature 



Search for Data and their 
Meaning, Respect for Order 
in Nature 



Demonstrating Confidence 
And Satisfaction, Respect 
for Order in Nature, Search 
for Data and their Meaning 

Demonstrating Confidence 
and Satisfaction, Respect 
for Order in Nature, Search 
for Data and their Meaning 

Respect for Order in Nature, 
Seardi for Data and their 
Meaning 



Longing to Know and Under- 
stand, Consideration of 
Premises, Demonstrating 
Confidence and Staisfaction 



Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 



Respect for Order in Nature, 
Demonstrating Confidence 
and Satisfaction 

Questioning of All Things, 
Respect for Order in Nature, 
Consideration of Conse- 
quences 



Respect for Order in Nature 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Alliludcs 


Observin|», 

Classifyinj,^ 


Differences and Similar- 
ities of Objects 


name way.s tii rough which seeds are 
dispersed. 


Longing (o Know and Under- 
stand, Respect for Order in 
Nature 


Observing, 
Communicating, 
Sequencing, 
Using space/ 
time relation- 
ships 


Constant Change, 
Kundamental Structures 


2A. describe changes that occur in the 
appearance of an animal, a tree and 
a bird during the seasons of the year. 


Demon stra t ii ig Confidence 
and Satisfaction, Longing 
to Know and Understand, 
Respect for Order in Nature 


Observing, 
Classifying, 
Using space/ 
time relation- 
ships 


Differences and Similar- 
ities of Objects, Space/ 
I'ime Reference Kram^-s, 
Generalized Perceptions 


25. name or identify some animals that 
have protective coloration. 


Longing to Know and Under- 
stand, Re.spect for Order in 
Nature 


Using space/ 
iinie relation- 
ships, 

Sequencing, 

Classifying 


Differences znd Similar- 
ities of Objects, Constant 
Change, Generalized 
Perceptions 


26. identify ways in which animals adapt 
to seasonal changes. 


Respect for Order in Nature, 
Longing to Know and Under- 
stand 


Classifying, 

Assimilating 


Differences and Similar- 
ities of Objects, Science 
and Technology, Inter- 
dependency of Nature 


27. identify foods he eats with the plant 
or animal from which they come. 


Longing to Know and Under- 
stand, Consideration of 
Premises, Developing a 
Commitment to Aesthetics 
in Nature 


Communicating, 
Using space/ 
time relation- 
ships, Sequencing 


Interdependency of Nature, 
Constant Changes, Differences 
and Similarities of Inter- 
actions. 


2b. describe several ways plants and 

animals respond to changes in their 
environment. 


Respect for Order in Nature, 
Consideration of Conse- 
sequences. 


Classifying, 

Communicating 

Inferring 


Differences and Similar- 
ities of Interactions, 
Space/Time Reference 
Frames, Force Fields, 
Science and Society 


29. describe various ways by which living 
things protect themselves. 


Respect for Order in Nature, 
Demonstrating Confidence 
and Satisfaction 


Assimilating 
Using space/time 
relationships 
Classifying 


Interdependency of 
Nature, Differences and 
Similarities of Inter- 
actions, Force Fields 


30. identify several animals that live in 
social groups and describe their 
habits. 


Respect for Order in Nature, 
Longing to Know and Under- 
stand 


Classifying, 

Equating 


Differences and Similar- 
ities of Objects, Inter- 
dependency of Nature 


31. distinguish domestic and wild plants 
and animals by various ways. 


Longing to Know and Under- 
stand, Consideration of 
Premises 


Inferring, 
Using space/ 
time relation- 
ships, Assimi- 
lating 


Interdependency of Nature, 
Action Forces, Science 
and Technology 


32. describe various ways plants and 
animals affect man’s behavior. 


Respect for Order in Nature, 
Longing to Know and Under- 
stand, Consideration of 
Consequences 


Inferring, 
Using space/ 
time relation- 
ships, Assimi- 
lating 


Interdependency of Nature, 
Action Forces, Science 
and Technology 


33. name various ways in which man affects 
t.he environment of plants and animals. 


Consideration of Consequences, 
Longing to Know and Under- 
stand, Respect for Order in 
Nature 
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Processes 



Observing, 

Classifying 



Conceptual Schemes 



Fundamental Structures 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



34. identify the basie parts of flowering 
plants (such as roots, stems and 
flowers). 



De mo nstra t i ng Co n fide n ee 
and Satisfaction 



Classifying 



Differences and Similar- 
ities of Objects 



35. identify and observe insects and 
spiders. 



Longing to Know and Under- 
stand 



Annimilalin^^ 
Using space/ 
time relation- 
ships 



Interdependency of Natu re. 
Generalized Perceptions, 
Differences and Similar- 
ities of Interactions 
Force Fields 



describe how insects interrelate 
with plants. 



36. 



Rc};pect for Order in Nature, 
Longing to Know and Under- 
stand, Consideration of 
Consequences 



Inferring, 
Communicating, 
Using space/ 
time relation- 
ships 



Force Fields, /nferc/epe/i- 
dency of Nature, 
Generalized Perceptions 



37. describe how some living things and 
the soil are interdependent. 



Consideration of Conse- 
quences, Longing to Know 
and Understand, Respect 
for Order in Nature 



Sequencing, 

Communicating, 

Observing 



Measuring, 

Communicating 



Measuring, 

Communicating 



Measuring, 

Communicating 



Measuring 



Constant Change, Energy 
Exchange, Energy Forms, 
Matter Conservation 



Statistical Descriptions, 
Constant Change 



Statistical Descriptions 



Differences and Similar- 
ities of 0 bjects. Science 
and Technology 



Statistical Descriptions 



38. describe a simple food chain. 



Consideration of Conse- 
quences, Demonstrating 
Confidence and Satisfac- 
tion, Respect for Order 
in Nature 



39. measure and record growth of plants, 
people and animals. 



Demonstrating Confidence 
and Satisfaction, Search 
for Data and their Meaning 



40. determine the actual size of a 
plant or animal when the unit of 
measurement or system is given. 



Demonstrating Confidence 
and Satisfaction, Search 
for Data and Their Meaning 



41 care for plants and animals on the 
basis of observation he has made in 
the classroom. 



Developing a Commitment 
to Aesthetics in Nature, 
Consideration of Conse- 
sequences. 



Level Three: 

42. measure and record the absorption 
of water by seeds and seedlings. 



Search for Data and their 
Meaning 



Testing, 

Recognizing 

Variables, 

Manipulating 

variables. 

Predicting 



Differences and Similar- 
ities of Interactions, 
Space/Time Reference 
Frames, Generalized 
Perceptions 



45. reduce a problem dealing with 
plants and animals to a single 
variablb using the processes of 
observing, classifying, measuring, 
predicting, recording, testing. 



Search for Data and their 
Meaning, Consideration of 
Premises 



Classifying, 

Sequencing, 

Inferring 



Differences and Similar- 
ities of Objects, Matter 
Conservation, Energy 
Exchange, Interdependency 
of Nature 



44. recognize a mold, describe how it gets 
started and discuss its needs for 
growth. 



Respect for Order in Nature, 
Longing to Know and Under- 
stand. 



Inferring, 

Classifying, 

Assimilating 



Differences and Similar- 
ities of Objects, Funda- 
mental Structures, Force 
Fields 



45. 



infer why different types of leaves 
are found in different types of en- 
vironments. 



Longing to Know and Under- 
stand, Respect for Order 
in Nature 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitude.s 


Clossifyinfi, 
Using space/ 
time relation- 
ships 


Differences and Similar- 
ities of 0 bjee ts, Fu nda- 
mental Structures 


d6. 


.sort .seeds and planLs on the basis 
of observable properties. 


Longing to Know and Under- 
stand, Consideration of 
Premises, Demonstrating 
Confidence and Satisfaction 


Inferring, 

Classifying 


Differences and Simitar' 
i tics of Objects, Inter- 
dependency of Nature 


47. 


describe different environments in 
which different animals may live. 


Considcra lion of Premises, 
Respect for Order in Nature 


Sequencing, 

Inferring, 

Interpreting 

data 


Interdependency of 
Nature, Energy Forms, 
Matter Conservation 


48. 


identify ways in which animals are 
dependent upon plants for food either 
directly or indirectly. 


Questioning of A It Things, 
Respect for Order in Nature 


Sequencing, 

Inferring 


Interdependency in Nature 


49. 


describe how plant reproduction is 
affected by aiiimals. 


Longing to Know and Under- 
stand, Re.spect for Order 
in Nature 


Inferring 

Classifying 


Interdependency in Nature 
Differences and Similar- 
ities of Interactions 


50. 


identify and describe ways that 
animals are dependent upon plants 
for more than just food. 


Longing to know and Under- 
stand, Respect for Order 
in Nature 


Classify iing. 
Equating 


Differences and Simitar- 
ities of Objects, Funda- 
mental Structures, 
Constant Change 


51. 


identify examples of vegetative repro- 
duction on the basis of observable 
criteria, i.e. cuttings, tubers, bulbs. 


Demonstrating Confidence 
and Satisfaction, Longing 
to Know and Understand 


Communicating, 

Classifying 


Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


52. 


describe from observation an asexual 
form of reproduction such as in molds, 
yeasts, etc. 


Longing to Know and Under- 
stand 


Communicating, 
Sequencing, 
Using space/ 
time relation- 
ships 


Constant Change 


53. 


describe orally the characteristics of 
a living object as it grows and changes 
from one stage to another. 


Longing to Know and Under 
stand. Respect for Order 
in Nature 


Using space/ 
time relation- 
ships, 

Classifying, 

Ordering 


Constant Change, 
Differences and Similar- 
ities of Objects, Inter- 
dependency of Nature 


54. 


identify differences in the life 
spans of various plants. 


Demonstrating Confidence 
and Satisfaction, Respect 
for Order in Nature 


Communicating, 
Sequencing, 
Using space/ 
time relation- 
ships 


Constant Change, 
Interdependency of Nature 


55. 


describe several plant and animal 
life cycles and give examples. 


Longing to Know and Under- 
stand, Respect for Order 
in Nature 


Predicting, 

Classifying 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures 


56. 


predict how many first leaves a plant 
from a dicot or monocot seed will 
have. 


Respect for Logic, Consid- 
eration of Premises, 

Longing to Know and Under- 
stand 


Testing 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures 


57. 


plant various kinds of seeds to test 
his predictions about these seeds. 


Demand for Verification, 
Respect for Order in Nature 


Predicting, 

Testing 


Science and Technology, 
Differences and Similar- 
ities of Interactions 


58. 


describe several activities which he 
thinks will make his heart beat 
faster and check his predictions. 


Demand for Verification, 
Consideration of Premises, 
Consideration of Conse- 
quences 



Elem. Liv. Th. 5 



o 

ERIC 



Processes 


Conceptual Schemes 


OBJECTIVES; Dependent upon ability 
and past experience, the 
student will: 


Values and Attitudes 


Generalizing, 

Equating, 

Sequencing 


Space/Time Reference 
Frames, Differences and 
Similarities of Objects, 
Fundamental Structures 


59. 


describe the similarities cf a fertil- 
ized egg to a plant seed. 


Respect for Order in Nature, 
Consideration of Premises 


Inferring, 

Assimilating 


Differences and 
Similarities of Inter’ 
actions. Interdepen- 
dency of Nature, Science 
and Technology 


60. 


distinguish between some wise and 
unwise use of plant and animal life. 


Consideration of Conse- 
quences, Developing a 
Commitment to Ae.sthetics 
in Nature 


Communicating, 

Inferring, 

Assimilating 


Science and Technology, 
Interdependency of Nature 
Science and Soceity 


61. 


state a rule for why various plants and 
animals are protected by law. 


ConMeration of Conse- 
quences, Developing A 
Commitment to Aesthetics 
in Nature 


Communicating, 
Simulating, 
Classifying, 
Using space/ 
time relation- 
ships. 

Sequencing 


Space/Time Reference 
Frames, Fundamental 
Structures, Differences 
and Similarities of 
Objects 


Level Four: 

62. describe ways in which animals may 
move from place to place. 


Longing to Know and Under- 
stand. Demonstrating 
Confidence and Satisfaction 


Classifying 

Assimilating 


Fundamental Structures, , 
Interdependency of Nature, 
Differences and Similar- 
ities of Interactions, 

Matter Conservation, 

Energy Forms 


63. 


name parts of plants used by man. 


Search for Data and their 
Meaning, Consideration of 
Consequences, Respect for 
Order in Nature 


Generalizing, 

Classifying, 

Assimilating 


Energy Exchange, Differ- 
ences and Similarities 
of Objects, Interdepen- 
dency of Nature 


64. 


identify animals which are pre- 
dominantly carnivorous, 
herbivorous, or omnivorous 


Respect for Order in Nature, 
Demonstrating Confidence and 
Satisfaction 


Classifying, 

Assimilating 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures 


65. 


identify hearing mechanism of several 
animals such as a frog, a grasshopper, 
bird, fish and compare these with that 
of a human. 


Longing to Know and Under- 
stand, Demonstrating 
Confidence and Satisfaction 


Classifying, 

Observing 


Fundamental Structures 


66. 


identify and describe the main 
characteristics of insects. 


Longing to Know and Under- 
stand 


Classifying, 

Assimilating 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures, 
Generalized Perceptions 


67. 


distinguish between vertebrate and 
invertebrate animalv from appropriate 
pictures, models or preserved 
specimens. 


Longing to Know and Under- 
stand, Consideration of 
Premises 


Classifying, 

Assimilating 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures 


68. 


match plants or animals with the 
method in which they reproduce 
through the use of pictures, pre- 
served or live specimens and models. 


Longing to Know and Under- 
stand, Consideration of 
Premises 


Inferring, 
Assimilating, 
Using space/ 
time relation- 
ships. 

Sequencing 


Force Fields, Differences 
and Similarities of Objects, 
Interdependency of Nature 


69. 


identify the role of each type of 
individual found in one of the social 
animal colonies. 


Respect for Order in Nature, 
Longing to Know and Under- 
stand 
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Processes 



Usini? space/ 
time relation 
ships, 

Aasimilalinf^ 



Conceptral Scheme 



OHJICCTIVE: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



Conalanl Change, Differ- 
erences and Similarities of 
of Objects, Interdependency 
of Nature 



70. describe plant and animal adaptations 
to .seasonal change in terms of mi* 
gration, hibernation, etr'. 



Respect for Order in Nature 
Longing to Know and Under- 
stand. 



Inferring, 

Assimilating 



Force Fields 



71. infer ways in which the organism 
may react or respond to protect 
it.self given a specific danger. 



Long to Know and Under- 
stand 



Predicting, 

Testing, 

A.ssimilating, 

Classifying 



Differences and Similar- 
ities of Objects, Science 
and Technology 



72. identify areas of the school g. :)und 
in which various plants could grow 
and attempt to propagate plants 
in these areas. 



Developing a Commitment 
to Aesthetics in Nature 



Simulating, 

Interpreting 

data 



Interdependency of Nature 
Energy Exchange 



73. construe', a microhabitat and observe 
the inti'r:elationships of tlie various 
organisms. 



Respect for Order in Nature. 
Longing to Know and Under- 
stand. 



Defining 

operationally, 

Clas.sifying 



Fun da men lal S Iriictu res. 
Differences and Similar- 
ities of Objects 



74. identify the cell as the basic struc- 
tural unit of all living things. 



Longing to Know and Under- 
stand, Consideration of 
Premises 



Interpreting 

data, 

Clas.sifying 

Observing 

Simulating, 

Communicating 



Interpreting 

data, 

Recci.aizing 

variables, 

Measuring 



Fundamental Structures. 
Interdependency of Nature 



75. order and describe tlie structural units 
of living organisms (cell, tissue, organ, 
system, organisms). 



Longing to Know and Under- 
stand, Respect for Order 
in Nature 



Fundamental Structures, 
Interdependency of Nature 



76. construct models of organisms and 
their subs tructures to show inter- 
relationships between structure and 
the total organism. 



Longing to Know and Under- 
stand, Demonstrating 
Confidence and Satisfaction 



Energy Exchange, Energy 
Forms, Force Fields 



77. record data and describe how a plant 
responds to light. 



Search for Data and their 
Meaning, Demand for Verii- 
cation. Respect for Order 
in Nature 



Interpreting 

data. 

Defining 

operationally 



Differences and Similar- 
ities of Interactions, 
Interdependency of Nature 



78. identify photosynthesis; as the vital 
process whereby energy is converted 
by plants into a form that can be 
used by all living things. 



Longing to Know and Under- 
stand, Respect for Order 
in Nature 



Defining 

operationally. 

Interpreting 

data. Using 

space/time 

relationships 



Constant Change, Space/ 
Time Reference Frames 



Level Five: 

79. describe the concept of growth as it 
applies to organisms by using data. 



Search for Data and their 
Meaning 



Classifying, 

Observing 



Differences and Similar- 
ities of Objects, Funda- 
mental Structures 



80. name some unicellular plants and 
animals and discuss the similarities 
and differences of these. 



Longing to Know and Under- 
stand, Demand for Verifi- 
cation 



Classifying, 

Observing 

Assimilating 



Different es and Similar- 
ities of Objects, Funda- 
mental Structures 



81. 



identify the major characteristics of 
each of the five classes of 
vertebrates. 



Longing to Know and Under- 
stand 



Elem. - Liv. Th. 7 
31 





/ 



Processes 


Conceptual Schemes ' 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudc.s 


Assimilaiinf^, 
Classifying, 
I^ecognizing 
variables. 
Using space/ 
Lime relation- 
ships 


Differences and Similar’ 
itics of Objects, 
CRmeralized Perceptions 


82. 


identify five different biomes in 
which plants or animals may live. 


Longing to Know and Under 
stand, Respect for Order 
in Nature 


A.^;similating, 

Recognizing 

variables 


Science and Technology, 
interdependency of Nature 


83. 


describe various ways that man 
may alter the environment so 
plants can grow in ordinarily 
unsuitable habitats. 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage, Consideration of 
Consequences 


Assimilating 


Force Fields, 

Interdependency of Nature 


84. 


identify and demonstrate ways 
in which plants and animals 
compete for basic needs in their 
environment. 


Search Data and their 
Meaning, Con.sideration 
of Consequence;. 


Assimilating 


Interdependency of 
Nature, Science and 
Technology 


85. 


discuss plants or animals that 
have been introduced by man in new 
habitats and describe both desirable 
and detrimental effects of this 
introduction. 


Consideration of 
Consequences 


Recognizing 

variables, 

Inferring 


Force Fields, Constant 
Change, Interdependency 
of Nature 


86. 


infer plant and animal adaptations 
that would be desirable under various 
environmental conditions. 


Consideration of 
Consequences, Search 
for Data and their 
Meaning 


Manipulating 

variables, 

Interpreting 

data 


Science and Technology, 
Differences and Similar- 
ities of Objects 


87. 


describe how man uses genetic factors 
for the breeding of plants and 
animals for his own benefits. 


Valuing Scientific 
Heritage 


Predicting, 
Classi tying 


Differences and Similar’ 
Hies of Objects, Funda- 
mental Structures, 
Generalized Perceptions 


88. 


predict the number of cotyledons 
that will be produced by various 
seeds and describe the structure in 
the plants that produce these seeds. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Generalizing, 

Classifying 


Interdependency of 
Nature, Differences and 
Similarities of Objects, 
Generalized Perceptions 


89. 


discuss three major ways different 
plants obtain nourishment. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Interpreting 
data, Ordering 


Differences and Similar’ 
it’cs of Objects, Funda- 
mental Structures, 
Constant Change 


90. 


order plant reproductive systems 
on the basis of complexity. 


Search for Data and their 
Meaning 


Interpreting 

data 


Constant Change 


91. 


name specific plants and animals 
that have become extinct in this 
century. 


Consideration of 
Consequences 
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Processes 


Conceptual Schemes 


OBJECTIVES: DepenUent upon ability 

and past experience, the 
^udent will; 


Values and attitudo.s 


Interpreting* 

data, 

Formulating* 

Hypothesis, 

Manipulating 

variables 


Force Fields, Inter- 
dependency of Nature, 
Science and Technology 


92. 


name and identify endangered plants 
and animals and describe ways in which 
habitats may be maintained and 
developed so the species may continue 
natural reproduction and replenishment. 


Deve toping a ('ommitment 
to Aesthetics in Nature, 
Consideration of Con- 
sequences 


Interpreting 

data, 

Analyzing 

systems 


Interdependency of Nature, 
Science and Technology 


93. 


list several ways that man can con- 
serve natural resources and identify 
places in the community where 
conservation practices might be 
applied. 


Consideration of 
Consequences, Respect 
for Order in Nature 


Communicating, 

Assimilating 


Science and Technology 
Science and Society 


94. 


identify individuals who pioneered 
discoveries in the life sciences 
and briefly discuss the importance 
of their discoveries. 


Valuing Seientifie 
Heritage 


Interpreting 
data, Sequencing 


Differences and Similar- 
ities of Interactions, 
Constand Change, Inter- 
dependency of Nature 


Level 

95. 


Six; 

identify stimuli in an environment 
and the response of living things 
to these stimuli. 


Search for Data and their 
Meaning 


Interpreting 

data. 

Defining 

operationally, 

Recognizing 

variables 


Differences and Similar- 
ities of Objects 


96. 


describe a typical life eycle of a 
chordate and compare it with the 
life cycle of another animal 
group such as insects, sponges, etc. 


Questioning of All Things. 
Search for Data and their 
Meaning, Respect for Order 
in Nature 


Analyzing 

systems 

Interpreting 

data. 

Defining 

operationally 


Interdependency of Nature, 
Force Fields 


97. 


identify the niche that a plant or 
animal occupies in its habitat. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Translating, 

Cognitively 

evaluating 

alternatives 


Interdependency of 
Nature, Differences and 
Similarities of Inter- 
acHons, Matter Conserva- 
tion, Science and Tech- 
nology 


98. 


identify incidents of natural re- 
sources misuse within his commun- 
ity and propose several solutions. 


Consideration of 
Consequences 


Acting on 
Conclusions 


Science and Technology 
Science and Society 


99. 


develop a plan to implement 
the solutions he selects to 
to correct natural resource 
misuse and begin to implement his 
plan. 


Developing a Commitment 
to Aesthetics in Nature 


Generalizing 


Interdependency of Nature, 
Matter Conservation 


100. 


describe the dependency of living 
cells upon water. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Formulating 

Models, 

Analyzing 

systems 


Interdependent of Nature, 
Constant Change, General- 
ized Perceptions . 


101. 


construct a diagram or model to 
illustrate various cycles involving 
living things such as water, carbon, 
nitrogen, and oxygen cycles. 


Respect for Order in Nature, 
Search for Data and their 
Meaning, Consideration of 
Consequences 



3G 
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Processes 



Conceptual Schemes 



Formulating 

models, 

Analyzing 

systems 



Matter Conservation, Energy 
Exchange, Interdependency 
of Nature, Generalized 
Perceptions 



OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 



102. construct a diagram or model 
to show that a plant is a food 
factory. 



Values and Attitudes 



Search for Data and their 
Meaning, Respect for Order 
In Nature 



Analyzing 

systems. 

Formulating 

models, 

Generalizing 



Interdependency of 
Science and Technology, 
Force Fields, Matter 
Conservation, Energy 
Exchange 



103. describe how man is totally 

dependent on living things, soil, 
water, air, and mineral resources 
for all his needs. 



Consideration of Con- 
sequences, Respect for 
Order in Nature 



A nalyzing 
Systems, 
Formulating 
models 



Interdependency of 
Science and Technology, 
Force Fields, Matter Con- 
servation, Energy Exchange 



104. describe how knowledge of plant 
nutrition has had both desirable 
and undesirable effects. 



Consideration of Conse- 
quences. Respect for Order 
in Nature. 



Synthesizing 



Interdependency of 
Nature, Science 
and Technology, 
Force Fields, Matter 
Conservation, Energy 
Exchange 



105. 



pi >j>jse and discuss ways to 
irr .-aase man’s food supply 
without producing serious 
adverse environmental con- 
ditions. 



Consideration of Conse- 
quences, Developing a 
Commitment to Aesthetics 
in Nature 
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3.31 — M & E Elementary School Objectives — Matter & Energy 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 
and past experience, the 
student will; 


Values and Attitudes 






Level One: 




Observing, 

Multiple 

Discriminating 


Differences and Similar- 
ities of Objects 


1. identify vibrating objects as 
producers of sound. 


Search for Data and 
their Meaning 


Classifying, 

Simulating 


Differences and Similar- 
ities of Objects 


2. identify sounds and their 
sources 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 


Observing, 

Classifying, 

Multiple 

Discriminating 


Differences and Similar- 
ities of Objects 


3. describe how sounds differ. 


Search for D?»ta and 
their Meanin/^ 


Observing, 

Classifying, 

Ordering 


Differences and Similar- 
ities of Objects 


4. name various things through 
which sound can travel 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 


Classifying 

Assimilating 


Differences and Similar- 
ities of Objects 


5. identify different sources 
of light 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 


Sequencing, 
Classifying, 
Assimilating, 
Using space/ 
time relation- 
ships 


Interdependency of Nature 
Science and Technology, 
Differences and Similar- 
ities of Objects, Space/ 
Time Reference Frames 


6. name and identify several 
uses for light. 


Respect for Order in Nature, 
Respect for Logic, Demon- 
strating Confidence and 
Satisfaction 


Measuring 
Using space/ 
time relation- 
ships 


Space/Time Reference 
Frames, Constant Ch;inge, 
Statistical Descriptions 


7. measure length and angle 
of shadows. 


Search for Data and Their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Measuring, 
Using space/ 
time relation- 
ships, 

Sequencing 


Statistical Descriptions 
Space/Time Reference 
Frames, Constant Change 


8. clock the time lapses as 
shadows change. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Classifying 

Categorically 

conceptualizing 


Differences and Similar- 
i tie s of Objec ts, Fo rce 
Fields 


9. sort things attracted to a magnet 
from those not attracted to a 
magnet 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction. 


Communicating, 
Equating, 
Classifying, 
Using space/ 
time relation- 
ships 


Force Fields, Space/ 
Time Reference Frames, 
General Perceptions, 
Differences and Similar- 
ities of Objects 


10. describe a magnet in terms of 
function. 


Longing to Know and 
Understand 


Observing 


Science and Technology, 
Fovce Fields 


11. name several ways in which 
magnets are used in everyday 
life. 


Search for Data and Their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Classifying 

Equating 


Differences and Similar- 
ities of Objects 


12. identify solids, liquids and 
gases. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Classifying, 

Equating, 

Observing 


Differences and Similar- 
ities of Objects 


13. label each example, from provided 
specimen, according to its state and 
identify the distinguishing charac- 
teristics of each specimen. 


Demonstrating Confidence 
and Satisfaction, Respect 
for Order in Nature 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ab.lity 

and past experience, the 
student will: 


Values and Attitudes 


Inferring, 
Classifying, 
Using space/ 
lime relation- 
ships 


Differences and Similar- 
ities of Objects, Space/ 
Time Reference Erames, 
Force Fields 


14. correctly infer which objects will 
float and which will sink after 
observing and manipulating varioas 
objects. 


Considcra tion of Prem ises. 
Respect for Logic 


Communicating, 
Using space/ 
time relation- 
ships 


Space /Time Reference 
Frames 


15. record changes of positions of an 
object in a variety of ways 
(photographs, drawings, verbal 
descriptions). 


Search for Data and Their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Inferring, 

Equating, 

Testing 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities 
of Interactions, Action 
Forces 


16. manipulate objects such as sprin»? 
type toys on the basis of observe :ion 
of relationships. 


Con sidera tion of Prem ises. 
Respect for Order in Nature 


Inferring, 

Classifying, 

Assimilating 

Classifying, 
Assimilating, 
Using space/ 
time relation- 
ships, Inferring 


Energy Forms, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 
Energy Forms, 

Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


17. identify energy as the cause of move- 
ment of both mechanical and living 
things. 

18. identify moving things as a form of 
kinetic energy. 

19. See General Objective 28., 


Longing to Know and 
Understand, Respect for 
Order in Nature 

Longing to Know and 
Understand, Respect for 
Order in Nature 


Assimilating, 

Simulating, 

Using space/ 
time relation- 
ships, Classifying 


Science and 7'tchnology, 
Differences and Similar- 
ities of Interactions, 
Space/Time Reference 
Frames 


20. describe various ways that whei^ls 
are used by man and construct 
models illustrating some of these 
ways. 


Longing to Know and Under 
stand. Demonstrating 
Confidence and Satisfaction 


Assimilating, 

Classifying 


Differences and Similar- 
ities of Objects, Ene^'gy 
Exchange 


21. describe objects in terms of hotter 
than or colder than his hand. 


Longing to Know and Under 
stand. Demonstrating 
Confidence and Satisfaction 


Assimilating , 
Classifying 


Science and Technology, 
Differences and Similar- 
ities of Interactions, 
Energy Forms 


22. name various ways in which we 
use heat. 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 


Assimilating, 

Classifying, 

Observing 


Energy Forms 


23. identify electricity as a form of 
energy. 


Longing to Know and 
Understand 


Simulating, 

Assimilating 


Science and Technology, 
Differences and Similar- 
ities of Interactions 


24. identify various ways that man 
utilizes electricity. 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 






Level Two: 




Simulating, 
Assimilating, Us- 
ing space/time re- 
lationships. 
Classifying 


Differences and Similar- 
ities of Objects, Space/ 
Time Reference Frames, 
Generalized Perceptions 


25. demonstrate that some matter 
cannot be seen. 


Demand for Verification, 
Consideration of Premises 


Assimilating, 

Sequencing, 

Classifying 


Science and Technology, 
Action Forces, Differences 
and Similarities of Inter- 


26. identify some ways air pressure 
can be used by man. 


Longing to Know and Under- 
stand, Consideration of 
Consequences 
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Proce.sses 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Assimilating 

Observing, 

Cla.ssifying 


Energy Forms, Difft'-ences 
and Similarities of Objects 


27. identify heat as a form of 
energy. 


Longing to Know and 
Understand 


Assimilating, 
Using .space/ 
time relation* 
ships, 
Classifying 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, Energy 
Forms 


28. identify heat as being the 
energy that can change solid 
to liquid. 


Longing to Know and 
Understand, Consideration 
of Premises 


Simulating, 
inferring 
Using space/ 
time relation* 
ships 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, Energy 
Forms, Science and 
Technology 


29. describe and demonstrate 
how a solid substance can 
change to a liquid and vice-vensa. 


Longing to Know and Under 
stand. Respect for Logic, 
Demonstrating Confidence 
and Satisfaction 


Assimilating, 

Classifying 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, Energy 
Forms, 


30. describe the change in state 
and give reasons for the change, 
after observing a situation suitable 
for evaporation. 


Longing to Know and 
Understand, Respect for 
Logic, Demonstrating 
Confidence and Satisfaction 


Measuring 
Using Numbers, 
Simulating 


Statistical Descriptions, 
Science and Technology 


31. construct and crudely calibrate 
a thermometer. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Measuring, 
Using Numbers 


Statistical Descriptions 
Generalized Perceptions 


32. demonstrate the ability to read 
a standard thermometer. 


Search for Data and their 
Meaning 


Communicating, 
Using Numbers, 
Using space/ 
time relation- 
ships. 

Measuring 


Statistical Descriptions 
Generalized Perceptions 


33. record thermometer readings after 
mixing water of different 
temperatures. 


Search for Data and their 
Meaning 


Classifying, 

Observing 


Differences and Similar- 
ities of Objects, Force 
Fields 


34. classify objects on the basis of 

those that will float in water and/or 
other liquids and those that will 
not float. 


Search for Data and their 
Meaning, Longing to Know 
and Understand 


Simulating, 

Sequencing, 

Classifying 


Energy Forms, Generalized 
Perceptions, Differences 
and Similarities of 
Interactions 


35. demonstrate sound as a form of 
energy. 


Longing to Know and 
Understand. Consideration 
of Premises 


Assimilating 


Energy Forms, Inter* 
dependency of Nature 


36. identify the sun as the basic source 
of energy. 


Developing a commitment 
to Aesthetics in Nature. 
Longing to Know and Under- 
stand, Questioning of All 
Things 


Assimilating, 
Sequencing, 
Using space/ 
time relation 
ships 


Action Forces, Funda- 
mental Structures, 
Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities 
of Interactions 


37. identify the parts of the body that 
push and enable various animals to 
change their position. 


Longing to Know and 
Understand, Respect for 
Order in Nature 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Assimilating, 

Classifying 


Energy Forms, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


38. identify movement of muscles 
as the result of energy input. 


Longing to Know and 
Understand, Consideration 
of Premises 


Testing, 

Inferring, 

Using space/ 
time relation- 
ships, Communi- 
cating 


Action Forces, Space/Time 
Reference Frames, Gen- 
eralized Perceptions 


39. demonstrate how a push or pull 
in a given direction will effect a 
change in position of an animal 
or object. 


Longing to Know and 
Understand, Demon- 
strating Confidence and 
Satisfaction 


Testing, 
Predicting , 
Using space/ 
time relation- 
ships 


Action Forces, Generalized 
Perceptions, Differences, 
and Similarities of Inter- 
actions 


40. demonstrate how a push or pull 
will cause a moving object to change 
speed or direction. 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 


Classifying 


Differences and Similar- 
ities of Interactions, 
Force Fields 


41. identify instances where friction 
is present. 


Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 


Classifying 


Differences and Similar- 
ities of Interactions, 


42. create situations illustrating both 
shfiing and rolling friction. 


Considerations of Premises, 
Demonstrating Confidence 
and Satisfaction 


Inferring, 

Simulating, 


Differc nces and Similar- 
ities of Interactions, 
Energy Exchange, Energy 
Forms, Generalized 
Perceptions, Science and 
Technology 


43. identify the relationships between 
friction and heat from various 
observations. 


Search for Data and their 
Meaning, Consideration of 
Premises, Consideration of 
Consequences 


Testing, 
Predicting, 
Using space/ 
time relation- 
ships 


Science and Technology 
Energy Exchange 


44. demonstrate how a simple machine 
can increase the ability to do heavy 
work. 


Search for Data and their 
Meaning, Demonstrating 
Confidence ar.d Satisfaction 


Classifying 

Assimilating 


Differmces and Similar- 
itrs of Objects, Differ- 
ences and Sifniiarities of 
Interactions, Action Forces, 
Science and Technology 


45. sort simple machines by function. 


Demonstrating Confidence 
and Satisfaction, Longing 
to Know and Understand 


Classifying, 
Assimilating 
Using space/ 
time relation- 
ships 


Energy Forms, Energy 
Exchange, Science and 
Technology 


46. identify various common chemical 
reactions in which energy is re- 
leased (fire, and mixing a weak base 
with a weak acid such as baking 
soda and vinegar). 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 


Classifying, 


Differences and Similar- 
ities of Interactions, 
Energy Forms, Energy 
Exchange 


47. identify the form(s) of energy being 
used when given a picture, working 
model or other visual stimulus. 


Longing to Know and 
Understand, Demonstrating 
Confidence and Satisfaction 


Assimilating, 

Classifying 


Energy Forms, Differences 
and Similarities of Inter- 
actions, Energy Exchange, 
Science and Technology 


48. name or identify various sources of 
energy and give examples of objects 
that use each. 


Demonstrating Confidence 
and Satisfaction 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Testing, Using 

space/time 

relalionships, 

Predicting, 

Measuring 


Constant Change, Space/ 
Time Reference Frames, 
Statistical Descriptions 


49. check predictions on the length 
and angle of shadows. 

Level Three: 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Predicting 

Recognizing 

variables 


Action Forces, Differences 
and Similarities of Inter- 
actions 


50. describe how speed can be in- 
creased or decreased through the 
use of unbalanced forces. 


Respect for Order in Nature, 
Consideration of Premises, 
Valuing Scientific Heritage 


Predicting, 

Generalizing 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, Energy 
Conservation 


51. infer what he thinks the tem- 
perature of mixes of hot and 
cold water will be. 


Respect for Order in Nature, 
Consideration of Premises 


Inferring, 

Assimilating, 

Classifying 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, General- 
ized Perceptions 


52. infer what he thinks will happen 
when certain objects are placed 
in water and/or other liquids of 
known temperature. 


Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 


Classifying 


Differences and Similar- 
ities of Interactions, 
Differences and Similar- 
ities of Objects 


53. distinguish between physical and 
chemical changes when- presen ted 
a series of changes. 


Longing to Know and Under- 
stand, Consideration of 
Premises, Demonstrating 
Confidence and Satisfaction 


Testing, 

Inferring 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, Science 
and Technology 


54. infer and test how changes in heat 
(both addition and subtraction of 
heat) would affect objects such as 
raisins, chocolate bar, spoonful of 
sugar, cake batter or other common 
household materials. 


Respect for Logic, Consid- 
eration of Premises, 
Demonstrating Confidence 
and Satisfaction 


Measuring, 
Using space/ 
time relation- 
ships 


Statistical Descriptions, 
Force Fields, Generalized 
Pe»*ceptions 


55. weigh water displaced by various 
objects dropped into the water. 


Search for Data and their 
Meaning, Respect for Order 
in Nature, Demonstrating 
Confidence and Satisfaction 


Sequencing, 
Using space/ 
time relation- 
ships 


Space/Time Reference 
Frames 


56. describe how an impulse travels 
along a spring (loosely stretched 
slinky) 


Longing to Know and Under- 
stand, Demonstrating 
Confidence and Satisfaction 


Testing, 
Predicting, 
Using space/ 
time relation- 
ships 


Differences and Similar- 
ities of Interactions, 
Space/Time Reference 
Frames 


57. demonstrate how shaking a spring 
or rubber hose with varying speed 
and stroke will cause it to vibrate 
with different amplitudes and 
frequencies. 


Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 


Testing, 

Inferring 


Differences and Similar- 
ities of In terac lions. 
Generalized Perceptions 


58. infer and test what will happen when 
he plucks a rubber band stretched to 
varying lengths. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Testing, 

Inferring 


Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


59. infer and test what will happen when 
he taps glasses containing various 
amounts of liquid in terms of varia- 
tions in the sound produced. 


Search for Data and their 
Meaning, Consideration 
of Premises 


Sequencing, 
Using space/ 
time relation- 
ships 


Space/Time Reference 
Frames, Force Fields 


60. describe how water waves spread 
across the surface of a body (tank) 
of water 


Longing to Know and Under- 
stand, Demonstrating 
Confidence and Satisfaction 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Testing, 

Assimilating 


F orce Fields, Differ- 
ences and Similarities 
of Interactions 


61. construct an electromagnet. 


Longing to Know and 
Understand, Demand 
for Verification 


Translating 


Fundamen tal S tmetures. 
Differences and Similar- 
ities of Interactions, 
Science and Technology 


62. construct a toy of his own 

design and identify the simple 
machines incorporated in it. 


Demonstrating Confidence 
and Satisfaction 


Translating, 

Testing 


Energy Exchange, Energy 
Exchange, Energy Forms, 
Science and Technology 


63. construct a system whereby 
electrical energy can be trans- 
ferred into light and/or sound. 


Longing to Know and Under- 
stand, Consideration of 
Premises 


Assimilating, 

Observing, 

Classifying 


Fundamental Structures 


64. identify sunlight as being com- 
posed of many colors. 


Longing to Know and Under- 
stand, Search for Data and 
their Meaning 


Simulating, 

Observing 


Fundamental Structures, 
Force Fields 


65. demonstrate that sunlight is com- 
posed of many colors. 


Longing to Know and Under- 
stand. 


Measuring, 
Using space/ 
time relation- 
ships 


Statistical Descriptions, 
Constant change 


66. clock the time lapses as oxygen 
is consumed by an enclosed 
candle. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Inferring, 

Testing 


Differences and Similar- 
ities of Interactions, 
Statistical Descriptions, 
Constant Change 


67. infer how long he thinks a candle 
will burn when a jar is placed over 
it and test his inferences. 


Considera lion of Prem ises. 
Demand for Verification, 
Search for Data and their 
Meaning. 


Inferring, 

Assimilating 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, Energy 
Forms, Science and 
Technology 


68. infer what could happen if old 
rags or newspapers were left in 
a pile near a window through 
which the sun can shine. 


Consideration of 
Consequences 


Predicting, 

Classifying 


Differences and Similar- 
ities of Interactions, 
Science and Technology 


69. list precautions that must be fol- 
lowed when using electricity, com- 
bustible substances, fire, household 
substances and medicines. 


Consideration of 
Consequences 






Level Four: 




Testing, 

Classifying 


Differences and Similar- 
iiies of Interactions, 
Force Fields 


70. construct a test to determine the 
the presence of magnetic force. 


Demonstrating Confidence 
and Satisfaction 


Assimilating, 

Inferring 

Interpreting 

data. 

Classifying 


Force Fields, Differences 
and Similarities of 
Interactions 
Force Fields, Science 
and Technology 


71. identify friction as a force. 

72. demonstrate how friction can be 
either a help or hinderance. 


Search for Data and their 
Meaning, Respect for Logic 

Search for Data and their 
Meaning, Consideration of 
Consequences 


Interpreting 

data. 

Generalizing 


Differences and Similar- 
ities of In teractions. 
Statistical Descriptions, 
Action Forces 


73. demonstrate that objects at rest 
tend to remain at rest and objects 
in motion tend to remain in the 
same state of motion. 


Search for Data and Iheir 
Meaning 


Translating 


Differences and Similar- 
ities of Interactions, 
Science and Technology 


74. relate this to what happens to him 
when a car in which he is riding 
suddenly changes speed or direction. 


Consideration of 
Consequences 



o 

ERIC 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Interpreting 

data, 

Recognizing 

variables, 

Testing, 

Generalizing 


Differences and Similar- 
ities of Interactions, 
Force Fields, Action 
Forces, Generalized 
Perceptions 


75. demonstrate that more massive 
objects are harder to start in 
motion and harder to stop. 


Search for Data and their 
Meaning, Respect for Logic, 
Demand for Verification 


Predicting, 

Testing, 

Recognizing 

variables 


Action Forces, Force 
Fields, Differences 
and Similarities of 
interactions, 
Generalized perceptions 


76. describe or demonstrate ways to 
change the speed of an object. 


Respect foi Logic, Search 
for Data and their Meaning, 
Demand for Verification 


Classifying, 

Measuring 


Differences and Similar- 
ities of Objects, Energy 
Exchange 


77. order various substances according 
to their kindling points. 


Search for Data and their 
Demonstrating 
Confidence and Satisfaction 


Simulating, 
Assimilating, 
Using space/ 
time relation* 
ships 


Differences and Similar- 
ities of Interactions 


78. demonstrate the effect of addition 
or subtraction of heat on various 
solid materials (include demon- 
strations that involve both like 
and unlike materials). 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Measuring, 
Using Numbers 


Energy Exchange, Energy 
Forms, Generalized 
Perceptions 


79. record changes in the temperature 
of matter during a change of phase 
(solid to liquid to gas and reverse). 


Search for Data and their 
Meaning. Questioning of 
AH Things 


Assimilating, 

Classifying 


Differences and Similar- 
ities of Jnteracitons 


80. distinguish between common chemical 
and physical changes. 


Search for Dale and their 
Meaning 


Assimilating 

Classifying, 


Differences and Similar- 
ities of Interactions 


81. identify examples of physical and 
chemical changes constantly taking 
place. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Manipulating 

variables. 

Testing 


Energy Forms, Action 
Forces, Science and 
Technology, Energy 
Exchange 


82. demonstrate or construct a system 
to show that sources of energy 
other than muscie power might be 
used to operate machines. 


Demonstrating Confidence 
and Satisfaction, Demand for 
Verification 


A nalyzing 
systems 


Fundamental Structures, 
Science and Technology 


83. identify the simple machines that 
compose? a complex machine. 


Longing to Know and Under- 
stend 


Simulating, 

Inferring, 

Measuring 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Force Fields 
Action Forces 


84. demonstrate the compressibility 
of gases and the mobility of fluids 
and gases. 


Questioning of All Things, 
Demonstrating Confidence 
and Satisfaction 


Translating, 

Analyzing 

systems 


Action Forces, Science 
and Technology, Differ- 
ences and Similarities 
of Interactions 


85. construct a working model to show 
how moving gases and liquids can 
be used to do work. 

Level Five: 


Demonstrating Confidence 
and Satisfaction, Demand 
for Verification 


Translating, 

Interpreting 

data 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities 
of Interactions, Force 
Fields, Action Forces 


86. demonstrate various methods of 
producing electric charge and 
describe various ways of producing 
electric current. 


Demonstrating Confidence 
and Satisfaction 



d 



'± 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Testing, 

Interpreting 

data 


Force Fields , Statistical 
Descriptions 


87. construct i\n electromagnet and 
devise a test to determine the 
strength of )Jie magnet. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Manipulating 

variables, 

Interpreting 

data 


Science and Technology, 
Force Fields, Statistical 
Descriptions 


88. identify variables that can be 
altered to increase or decrease 
the strength of an electromagnet. 


Search for Data and their 
Meaning, Respect for Logic 


Analyzing 

systems. 

Defining 

operationally, 

Manipulating 

variables 


Differences and Similar- 
ities of Interactions, 
Fundamental Structures, 
Force Fields 


89. construct simple electric circuits 
and show the advantages and 
disadvantages of parallel and 
and series circuitry. 


Question ing of All Things, 
Search fo** Data and their 
Meaning 


Defining 

operationally. 

Classifying 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures 


90. define the terms: elements, com- 
pounds and mixtures. 


Longing to Know and Under- 
stand, Respect for Order 
in Nature 


Testing, 

Translating 


Differences and Similar- 
ities of Objects, Funda 
mental Structures 


91. devise a test for distinguishing 
between mixtures and compounds 
or elements. 


Search for Data and their 
Meaning 


Defining 

operationally, 

Generalizing, 

Interpreting 

data 


Differences and Similar- 
i ties of In terac tion s. 
Matter Conservation, 
Generalized Perceptions 


92. describe the attributes of chemi- 
cal change. 


Search for Data and their 
Meaning 


Defining 

operationally. 

Classifying, 

Measuring 


Differences and Similar- 
ities of In terac tions. 
Matter Conservation 


93. describe oxidation and give 
examples of rapid and slow 
oxidation. 


Search for Data and their 
Meaning, Respect for Order 
in Nature. 


Defining 

operationally. 

Classifying 


Differences and Similar- 
ities of Objects, General- 
ized Perceptions 


94. distinguish between acids and 
bases usinp litmus or other 
indicator papers. 


Search for Data and their 
Meaning^ Respect for Order 
in NUure 


Defining 

operationally. 

Classifying 


Differences and Similar- 
ities of Objects, General- 
ized Perceptions 


95. describe some properties of 
acids and bases. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Categorically 

conceptualizing 

Verbally 

associating 


Fundamental Structures 


96. describe the relationship be- 
tween molecules and atoms . 


Demonstrating Confidence 
and Satisfaction 


Assimilating 

Analyzing 

systems 


Science and Technology 
Science and Society 

Fundamental Structures, 
Generalized Perceptions 


97. name possible peaceful uses 
of atomic energy. 

98. use the concept of molecules 
as one possible explanation of 
the behavior of matter in its 
three states. 


Consideration of Con- 
sequences, Consideration 
of Premises 

Respect for Logic, Search 
for Da(a and their Meaning 


Formulating 

Hypotheses, 

Experimenting, 

Interpreting 

data* 


Action Forces, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


99. demonstrate that to every force 
exerted there is an equal and 
opposite reactive force. 


Questioning of All Things, 
Search for Data and their 
Mean-ng, Consideration of 
Premises 
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Processes 


j Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will; 


Values and Attitudes 


Testing, 

Interpreting 

data 


Energy Exchange, Energy 
Forms, Generalized 
Perceptions 


100. demonstrate ways in which 
mechanical kinetic energy 
can be converted to heat. 


Search for Data and their 
Meaning 


Defining 

operationally. 

Interpreting 

iiaia 


Differences and Similar 
ities of Objects, Differ* 
ences and Similarities of 
Interactions 


101 define transparent, translucent, 
opaque and reflective. 


Deinonstrating Confidence 
and Satisfaction 


Analysing 

systems. 

Testing 


Space/Time Reference 
Frames, Differences 
and Similarities of 
Interactions 


102. demonstrate that light travels 
in a straight line except when 
passing from one medium to 
another. 


Demand for Verification 
Search for Data and their 
Meaning 


Interpreting 

data, 

Generalizing 


Differences and Similar^ 
ities of Interactions, 
Force Fields 


103. describe the path of light at a 
reflective surface. 


Search for Data and (heir 
Meaning, Respect for Order 
in Nature 






Level Six: 




Defining 

operationally. 

Interpreting 

data, 

Recognizing 

variables 


Generalized Perceptions, 
Energy Forms 


104. distinguish between heat and 
temperature. 


Search for Data and their 
Meaning, Demand for 
Verification 


Analyzing 

systems. 

Defining 

operationally. 

Interpreting 

data 


Statistical Descrip tions 
Generalized Perceptions 


105. identify and demoi.strate tem- 
perature conditions necessary for 
heat exchange between objects. 


Search for Data and their 
Meaning, Consideration of 
Premises, Respect for Order 
in Nature 


Testing, 
Predic ling. 
Assimilating 


Energy Exchange, Statisti- 
cal Descriptions 


106. construct a system to demon- 
strate that heat can be 
transferred. 


Consideration of Premises, 
Respect for Logic, Respect 
for Order in Nature 


Formulating 

models 


Differences and Similar- 
ities of Interactions, 
Energy ^jxchange. General- 
ized perceptions 


107. de.scribe the process of heat 
transfer by conduction, con- 
vection and radiation. 


Search for Data and their 
Meaning 


Testing, 

Inferring, 

Assimilating 


Statistical Descriptions, 
Energy Forms 


108. construct a test to demonstrate 
that heat can be measured. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Simulating 


Energy Exchange, Energy 
Forms 


, 109. consiruct a test to demonstrate 

how light from thi^ sun is con- 
verted into heat on the earth. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Translating 


Science and Technology, 
Energy Exchange, Energy 
Forms 


110. describe by wr^Jng a paper or 
constructing a model how the 
sun’s energy may be utilized 
more efficiently. 


Quest ion in.^: of AH Things. 
E>emonstr£.. 'Jonfidence 

and Satisfaci . n 


Experimenting, 

Synthesizing, 

Translating 


Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


111. construct a test to distinguisii 
electrical conductors from non- 
conductors and after performing 
the test many times, predict items 
which will be conductors or 
non-conductors. 


Demand for Verification 
Respect for Logic 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Attitudes 


Defining 
operationally, 
Inlerpretini^ 
data, llecog' 
nizing variables 


Generalized Percep lions. 
Differences and Similar- 
ities of Objects 


1 12. distinguish between density and 
mass (or weight). 


Search for Data and their 
Meaning, Respect for Logic, 
Co nsidcra lion of Prem ises. 
Questioning of All Things 


Rc.eognizing 

variables. 

Inferring 


Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


1 1 3. infer why certain objects will float 
in one liquid and sink in another. 


Search for D.'^ta and their 
Meaning, Respoct for Logic, 
Respect for Order in Nature 


formulating 

Hypotheses, 

Manipulating 

variables. 

Interpreting 

data 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects, 
Statistical Descriptions 


114. construct a hypothesis to explain 
why various objects float with 
varying fractions of their volumes 
below the liquid surface. 


Search for Data and their 
Meaning, Respect for Logic, 
Respect for Order in Nature 


A nalyzing 
systems. 
Interpreting 
data 


Differences and Similar- 
ities of Objects 


115. construct a classification system 
whereby items can be identified 
on the basis of their observable 
properties, when given a number 
of common household substances. 


Consideration of Premises 
Search for Data and their 
Meaning 


Translating, 

Experimenting 


Fundamental Structures, 
Force Fields, Generalized 
Perceptions 


116. demonstrate ways of separating 
white light into colors. 


Demand for Verification, 
Consideration of Premises 


Analyzing 

systems 


Fundamental Structures 


117. describe how man perceives color. 


Longing to Know and Under- 
stand 


Formulating 

Hypotheses, 

Translating 


Science and Technology, 
Differences and Similar- 
ities of Interactions 


118. state and apply a rule concerning 
color mixing of light. 


Respect for Logic, Demon- 
strating Confidence and 
Satisfaction 


Using space/ 
time relation- 
ships, Analyz- 
ing systems 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Force Fields 


119. distinguish between convex and 

concave lens by comparing the path 
of light as it passes through them. 


Search for Data and their 
Meaning 


Using space/ 
lime relation- 
ships, Analyz- 
ing systems 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Force Fields 


120. distinguish between convex and 
concave mirrors by comparing 
their effect on the path of light. 


Search for Data and their 
Meaning 


Assimilating, 

Communicating 


Scien<e and Society 
Genevalized Perceptions 


121. report on one or more of the 
early attempts to measure the 
speed of light. 


Valuing Scientific Heritage 


Translating, 

Interpreting 

data 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects, Energy 
Forms 


122. compare the path of radiowaves 
with the path of light from source 
to sensor. 


Search for Data and their 
Meaning, Respect for Logic 


Manipulating 

variables. 

Interpreting 

data 


Energy Exchange, Energy 
Forms, Force Fields, 
Generalized Perceptions 


123. demonstrate how potential gravi- 
tational energy can be added to 
an object. 


Search for Data and their 
Meaning 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Altitudes 


Defining 

operationally, 

Manipulating 

variables 


Differences and Similar- 
ities of In tcractions. 
Action Forces, Energy 
Forms 


124. identify work as being dependent 
on the force applied and the distance 
an object is moved. 


Search for Data and their 
Mea n i ng, De mo nstrat ing 
Confidence and Sati.sfaction 


Analyzing sys- 
tems, Experi- 
menting, 
Translating 


Differences and Similar- 
ities of In tcractions. 
Action Forces, Energy 
Conservation 


125. construct a system showing the 
relationship between lever arms, 
force applied and resistance over- 
come and apply this relationship 
to both lever systems and wheel 
and axle systems. 


Respect for Logic, Search 
for Data and their Meaning 


Analyzing sys- 
tems, Experi- 
menting 


Action Forces, Differ- 
ences and Similarities 
of Interactions, Energy 
Conservation 


126. construct a pulley system showing 
the relationship between lifting 
strands, the force applied and 
weight lifted. 


Search for Data and their 
Meaning, Respect for Logic 


Assimilating 


Science and Technology 
Energy Forms, Energy 
Exchange 


127. name .some ways man has found to 
use sound energy for his benefit. 


Demonstrating Confidence 
and Satisfaction 


Interpreting 

data 


S la t is Heal D esc rip lions, 
Space/Time Reference 
Frames 


128. calculate the speed of sound in air 
from collected data. 


Search for Data and their 
Meaning, Respect for Logic 


Experimenting 


Force Fields, Differences 
and Similarities of 
Interactions 


129. demonstrate that sound cannot 
be transmitted without the 
presence of matter. 


Questioning of A. It Things, 
Search for Data and their 
Meaning 


Analyzing sys- 
tems, Interpreting 
data 


Differences and Similar- 
ities of Interactions, 
Force Fields 


130. distinguish between the states of 
matter in terms of their ability to 
transmit sound using criteria he 
selects. 


Search for Data and their 
Meaning, Questioning of 
All Things 


A bstracting. 

Manipulating 

variables, 

Formulating 

Hypotheses 


Statistical Descriptions, 
Differences and Similar- 
ities of interactiDns 


131. identify frequency and wavelength 
as two of the variables in wave motion 
and relate them mathematically to 
ih 9 speed of wave transmission. 


Search for Data and their 
Meaning 


Analyzing sys- 
tems, Formulating 
models. Manipu- 
lating variables 


Differences and Similar- 
ities of Interactions, 
Force Fields, Generalized 
Perceptions 


132. demonstrate the relationsiiip 
between vibrational amplitude 
of sound producers and the 
loudness of the sound and infer 
related behaviors in transmitting 
mir.‘dia. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Manipulating 

variables, 

Interpreting 

data 


Differences and Similar' 
itiesof Interactions, 
Science and Technology 
Energy Exchange 


133. distinguish between surfaces that 
are good sound reflectors and those 
are not and apply the collected data 
to the problem of acou.^tic design. 


Search for Data and their 
Meaning, Consideration of 
Consequences 


Formulating 

Hypotheses, 

Interpreting 

data 


Force Fields, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


134. demonstrate sympathetic vibrations 
and construct an hypothesis to 
explain them. 


Questioning of All Things, 
Respect for Logic 
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Processes 



Defining 

operationally 



Conceptual Schemes 



Differences and Similar- 
ities of Interactions, 
Interdependency of 
Nature 



OBJECTIVES: 



Dependent on ability 
and past experience, the 
student wilL 



Values and Attitudes 



135. distinguish between music and 
noise in terms of wave patterns. 



Consideration of 
Consequences, Respect 
for Order in Nature 



Anaylzing sys- 
tems, Trans- 
lating 



Science and Technology’ 
Differences and Similar- 
ities of Interactions, 
Force Fields 



136. demonstrate that a resonance 
chamber alters the quality 
and volume of sound and relate 
these properties to the construction 
of musical instruments. 



Longing Know and Under- 
stand, DeinonC'trating 
Confidence and Satisfaction 



Manipulating p 
variables. 
Formulating 
Hypotheses 



Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 



137. order various dissimilar vibration in Search for Data and their 

terms of the sound they produce Meaning 

and infer a reason for that order.' 



Formulating 

Hypotheses, 

Experimenting 



Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 



138. 



order an assortment of various 
similar vibrators in terms of pitch 
of the sound they produce and 
construct a testable hypothesis 
to explain the order. 



Search for Data and their 
Meaning, Respect for Logic, 
Demand for Verification 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Using space/ 
time relation^ 
sf 2 ips. Multiple 
Discriminating, 
Verbally asso- 
ciating 


Space/Time Reference 
Frames 


Level One: 

1. distinguish among north and 
south and east and west. 


Demonstrating Confidence 
and Satisfaction 


Using space/ 
time relation- 
ships, Simulat- 
ing, Observing, 
Communicating 


Space/Time Reference 
Frames, Differences 
and Similarities of 
Interactions 


2. demonstrate how shadows are 
formed and how they can be 
changed. 


Longing to Know and under- 
stand, Demonstrating 
Confidence and Satisfaction 


Using space/ 
time relation- 
ships. Equating 


Space/Time Reference 
Frames, Differences 
and Similarities of 
Objects 


3. identify the shape of the earth. 


Longing to Know and Under- 
stand. 


Assimilating, 

Verbally 

associating 


Space/Time Reference 
Frames 


4. identify the earth as man’s home. 


Longing to Know and Under- 
stand 


Assimilating 


Interdependency of 
Nature, Science and 
Society 


5. demonstrate concern for the en- 
vironment by activities which 
reduce the litter in the community 
(as well as areas where he goes for 
recreational activities). 


Developing a Commitment to 
A es the tics in Na ti re. Demon 
strating Confidence and 
Satisfaction 


Classifying, 
Using space/ 
time relation- 
ships, Observing 


Energy Exchange, Force 
Fields, Interdependency 
of Nature 


6. identify the sun as a light source. 


Longing to Know and Under- 
stand, Respect for Order 
in Nature 


Categorically 
conceptualizing, 
Multiple Dis- 
criminating 


Science and Technology, 
Science and Society 


7. describe vicarious experiences 
related to space exploration. 


Valuing Scientific Heritage 


Observing 

Classifying 


Space/Time Reference 
Frames, Constant Change 


8. describe the differences between 
day and night. 


Longing to Know and Under- 
stand, Consideration of 
Consequences 


Using space/ 
time relation- 
ships, Commu- 
nicating 
Simulating 


Space/Time Reference 
Frames, Constant Change, 
Differences and Similar- 
ities of Interactions 


9. demonstrate the cause of night 
and day. 


Respect for Order in Nature, 
Search ior Data and their 
Meaning 


Using space/ 
time relation- 
ships. 

Sequencing, 

Observing 


Space/Time Reference 
Frames, Constant Change, 
Differences and Similar- 
ities of Interactions 


10. illustrate the approximate position 
of the sun at different times of the 
day. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Communicating, 

Measuring 


Statistical Descriptions, 
Constant Change, Science 
and Technology 


11. obser\'e, measure and record 
temperature. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Communicating, 

Sequencing 


Differences and Similar- 
ities of Objects, 
Constant Change 


12. observe and record changes in 
cloud cover. 


Longing to Know and Under- 
stand, Demonstrating 
Confidence and Satisfaction 
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Procos:scs 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Communicating, 
Me am ring. 

Using space/ 
time relation- 
ships 


Slat is t ica 1 1) esc rip lions. 
Constant Change, Science 
and Technology 


13. observe, measure and record the 
moisture that falls from the clouds. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Communicating, 
Using space/ 
time relation- 
ships 


Constant Change, Space/ 
Time Reference Frames, 
Science and Technology 


14. observe and record changes in wind 
direction and velocity. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Recognizing 

variables, 

Communicating, 

Measuring, 

Sequencing 


Constant Change, Statisti- 
cal Descriptions, Science 
and Technology 


15. observe, measure and record changes 
in weather over a period of time. 


Search for Data and their 
Meaning, Longing to Know 
and Understand 


Ctaasifying, 

Observing, 

Sequencing 


Constant Change, Differ- 
ences and Similarities of 
Interactions 


16. describe local seasonal changes. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Using space/ 
time re tat ion- 
ships, Observing 


Force Fields, 
Differences and Similar- 
ities of Interactions 


Level Two: 

17. identify the effects of gravity 
on objects. 


Longing to Know and Under- 
stand, Respect for Order 
in Nature 


Simulating, 
Using space/ 
time relation- 
ships 


Space/Time Reference 
Frames 


18. describe the major features of 
the earth’s surface. 


Longing to Know and Under- 
stand, Valuing Scientific 
Heritage 


Using space/ 
time relation- 
ships, Equating 


Space/Time Reference 
Frames 


19. locate on a globe or an appro- 
priate map approximately 
where he lives. 


Demonstrating Confidence 
and Satisfaction, Search 
for Data and their Meaning 


Using space/ 
time relation- 
ships. 
Simulating 


Space/Time Reference 
Frames, Constant Change 


20. describe or demonstrate why the 
moon appears to change shape. 


Search for Data and their 
Meaning 


Using space/ 
time relation- 
ships. 
Simulating 


Space/Time Reference 
Frames, Constant Change 


21. demonstrate the movement of the 
earth v;ith respect to rotation and 
revolution around the sun. 


Search for Data and their 
Meaning 


Classifying 

Assimilating 


Differc nces and Similar- 
ities of Interactions 


22. identify several different types of 
weather. 


Search for Data and their 
Meaning 


Ciajy'^i tying. 
Using space/ 
time relation- 
ships, 

Assimilatinij 


Fundamental Structures, 
Space/Time Reference 
Frames, Interdependency 
of Nature 


23. identify various types of climate. 

. tf 


Longing to Know and Under- 
stand 


Assimilating, 

Equating, 

Classifying 


Differences and Similar- 
ities of Objects 


24. describe how fog and clouds are 
similar. 


Longing to Know and Under- 
stand 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Inferring, 
Sequencing, 
Using space/ 
time relation- 
ships 


Force Fields, Constant 
Change, Interdependency 
of Nature 


25, explain why we have rain and 
and describe the relationship 
between the clouds and rain. 


Respect for Order in Nature, 
Search for Data and their 
Meaning. 


Classifying, 

Ordering 

Using space! 
time relationships, 
Interpreting 
data, Sequencing , 
Assimilating 


Differences and Similar- 
ities of Objects, 
Fundamental Structures 

Space/Time Reference 
Frames, Constant Change 


26. identify soil and distinguish between 
various types of soil such as rocky, 
sandy, clay, etc. 

Level Three; 

27. describe some effects of wind and 
water on soil. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 

Consideration of 
Consequences, Respect 
for Order in Nature 


Sequencing, 
Observing, 
Using space/ 
time relation- 
ships 


Interdependency of 
Nature, Force Fields, 
Constant Change 


28. describe the effects of plants and 
animals on the development of 
soil. 


Longing to Know and Under- 
stand, Respect for Order in 
Nature 


Classifying, 
Observing, 
Using space/ 
lime relation- 
ships 


Differences and Similar- 
ities of Obiects Space/ 
Time Reference Frames, 
Constant Change 


29. identify some characteristics of 
fossils. 


Longing to Know and Under- 
stand, Valuing Scientific Heritage 


Ordering, 
Communicating, 
Using space/ 
time relation- 
ships 


Space/Time Reference 
Frames, Differences 
and Similarities of 
Objects, Constant 
Change, Statistical 
Descriptions 


30. construct a crude model of the 
solar system. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Using space/ 
time iclation- 
ships, Commu- 
nicating, 
Interpreting 
data 


Space/Time Reference 
Frames, Constant Change, 
Statistical Descriptions 


31. demonstrate the movement of 
the moon with respect to the 
earth and the sun. 


Search for Data and thtir 
Meaning, Respect for Order 
in Nature 


Using space/ 
time relationships 


Space/Time Reference 
Frames 


32. explain why the stars look so 
small. 


Consideration of Premises 


Usi ng space/ time 

relationships. 

Classifying, 

Using Numbers 


Space/Time Reference 
Frames, Science and 
Society 


33. identify a few of the major con- 
stellations using a map of the sky. 


Respect for Order in Nature, 
Valuing Scientific Heritage 


Communicating, 
Using space/time 
relationships. 
Interpreting data 


Space/Time Reference 
Frames, ,Constant Change 


34. demonstrate how the earth’s 

inclination determine the seasons. 


Longing to Know and Under- 
stand, Respect for Order 
in Nature 


Sequencing, 
Using space/Ume 
relationships. 
Inferring 


Space/Time Reference 
Frames, Constant Change, 
Interdependency of 
Nature 


35. describe liow clouds and fog are 
formed and dissipated 


Longing to Know and Under- 
stand, Respect for Order 
in Nature 
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Processes 



Conceptual Schemes 



OBJECTIVES: 



Depiindent upon ability 
and past experience^ the 
sUident will: 



Values and Attitudes 



Communicating 



Science and Technology, 
Science and Society 



36, 



name several sources from which 
he could get information about 
the weather. 



Consideration of Premises, 
liespect for Logic, Demon- 
strating Confidence and 
Satisfaction 



Assimilating 

Classifying, 

Communicating 



Interdependency of 
Nature, Science and Tech- 
nology. Science and 
Society 



37. list some ways man uses weather 
predictions to make decisions 
about his planned activities. 



Respect for Order in Nature 



Using space/ 
time relation- 
ships. 
Measuring 

Assimilating, 
Using space/ 
time relation- 
ships, Ordering 



Space /Time Reference 
Frames, Force Fields, 
Differences and Similar- 
ities of Objects 



38. demonstrate the use of a compass 
to find directions. 



Level Four: 



Demonstrating Confidence 
and Satisfaction 



Fundamental Slmctures 39, describe the relationship of our 

Differences and Similar- solar system to the universe, 

ities of Objects, 

Space/Time Reference 
Frames 



Longing to Know and Undei 
stand. Consideration of 
Premises 



Predicting, 

Assimilating 



Testing, 

Inferring 



Force Fields, Differences 
and Similarities of 
Interactions 



Force Fields, Differences 
and Similarities of 
Interactions 



40. predict the deviation that a bullet 
or thrown ball will make from its 
line of flight and defend his 
prediction. 

41. demonstrate that a central force is 
required to keep an object moving 
in a circle. 



Respect for Logic, Search 
for Data and their Meaning 



Demand for Verification, 
Search for Data and their 
Meaning 



Infer: ing , 
Simulating 



Force Fields, Generalized 
Perceptions 



42. describe why the rrr'on and artificial 
satellites stay in orbit. 



Questioning of All Things, 
Respect for Logic, Search 
iur Data and their Meaning 



Inferring, 

Simulating 



Analyzing 

systems. 

Interpreting 

data, Using 

space/tinie 

relationships. 

Recognizing 

variables 

Using space/time 

relationships. 

Communicating 



Force Fields, Generalized 
Perceptions 



Space/Time Reference 
Frames 



43. describe why planets and certain 
other members of our solar system 
stay in their orbits. 

44. describe why the relative position of 
the stars seems to be constant on 
earth. 



Questioning of All Things 
Search for Data and their 
Meaning, Consider > ^n of 
Premises 

Respect for Logic, Search 
for Data and their Meaning 



Space/Time Reference 
Frames 



45. identify several of the major con- 
stellations using a star map. 



Demonstrating Confidence 
and Satisfaction 



Interpreting data. 
Classifying 



Differences and Similar- 
ities olT Objects 



Level Five: 

46. construct a classification key to 
identify a small group of common 
minerals. 



Search for Data and their 
Meaning 



Assimilating , 
Sequencing 



Constant Change, Differ- 
ences and Similarities 
of Interactions, Inter- 
dependency of Nature 



47. 



name and identify the major 
causes of erosion. 



Search for Data and their 
Meaning, Consideration of 
Consequences 



tr 
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Processes 



Classifying 



Conceptual 



Schemes 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Differences and Similar’ 
ities of Objects, 

Constant Change, General- 
ized Perceptions 



48. name and identify various common 
sedimentary rocks. 



Values and Attitudes 



Search for Data and their 
Meaning 



Interpreting data, 
Inferring, Using 
space/time 
relationsl)ips 

Classifying 



Formulating 
Hypotheses, 
Interpreting data, 
Defining 
operationally 

Interpreting data. 
Communicating 



Constant Change, Matter 
Conservation, Generalized 
Perceptions 



49. construct a simple description of the 
rock cycle. 



Respect for Order in Nature 
Questioning of All Things 



Differences and Similar- 
ities of Objects, 

Constant Change, General- 
ized Perceptions 

Constant Change, G< 2 neral- 
ized Perceptions 



50. name typical igneous and meta- 
morphic rocks. 



51. describe and demonstrate how 
various sedimentary rocks are 
formed. 



Search for Data and their 
Meaning 



Search for Data and their 
Meaning, Respect for Logic, 
Respect for Order in Nature 



Space/Time Reference 
Frames, Action Forces 



52. interpret the basic data recorded 
on a weather map. 



Demonstrating Confidence 
and Satisfaction 



Classifying, 

Using space/time 

relationships. 

Assimilating 



Fundamental Structures, 
Interdependency of 
Nature, Space/Time 
Reference Frames 



53. identify various zones found on the 
earth such as desert, swamps, etc. 



Longing to Know and Under- 
stand, Respect for Order 
in Nature 



Interpreting 

date 



Constant Change, Differ- 
ences and Similarities 
of Interactions 



54. identify changes that are continually 
taking place on the earth’s surface. 



Search for Data and their 
Meaning, Respect for Order 
in Nature 



Analyzing 

systems. 

Classifying 

Interpreting 

data 



Classifying 



Differences and Similar’ 
ities of Objects, 
Constant Change 



55. distinguish between fossils that are 
imprints and those that are part of 
the actual organism. 



Longing to Know and Under- 
stand 



Space/Time Reference 
Frames, Constant Change, 
Differences and Similar- 
ities of Objects 



56. describe evidence of past continen- 
tal glaciation and identify any local 
glacial features. 



Search for Data and their 
Meaning 



Differences and Similar - 
ities of Objec ts. 
Constant chai.ge 



57. identify similarities and differences 
in fossil specimens and group the 
specimens on the basis of similar- 
ities and differences that he selects. 



Longing to Know and Under- 
stand 



Analyzing 

systems 



Analyzing 

systems 



Differences and Similar- 
ities of Objects, 
Fundamental Structures 

Interdependency of Nature^ 
Matti i' Conservation, 
Energy Exchange 



58. infer characteristics of the living 
plant or animal w-.:?n given fossil 
specimens. 

Level Six: 

59. describe how maM is dependent upon 
the soil. 



Respect for Order in Nature, 
Respect for Logic 



Consideration of 
Consequences, Respect for 
Order in Nature 



Interpreting 
data. Inferring 



Constant Change, 
Generalized Perceptions 



60. 



infer some of the major events in 
the geological hi'itory of an area from 
a study of its topographic features and 
other data. 



Search for Data and their 
Meaning, Questioning of 
All Things 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Generalizing, 

Inferring 


Generalized Perceptions 


61. describe how we are able to infer 
1 partial history of the earth from 
the fossil record. 


Search for data and their 
Meaning 


A nalyzing 
fiys terns, 
Simulating 


Constant Change, Matter 
Conservation, Generalized 
Perceptions 


62. describe the water cycle in meteor* 
ologic terms. 


Search for Data and their 
Meaning, Consideration of 
Consequences, Respect for 
Order in Nature 


Analyzing 

systems, 

Abstracting 


Constant Change, Inter- 
dependency of Nature, 
Generalized Perceptions 


63. relate the movement of air masses 
to heat exchange. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Anaylzing 

systems. 

Interpreting 

data 


Differences and Similar- 
ities of !n^*eructions. 
Constant Change, Force 
Fields, Interdependency 
of Nature 


64. record changes in barometric pres- 
sure and identify some relationships 
between these changes and changes 
in weather patterns. 


Search for Data and their 
Meaning, Respect for Logic, 
Respect for Order in Nature 


A nalyzing 

systems. 

Translating 


Force Fields, Constant 
Change, Differences and 
Similarities of Inter- 
actions, Generalized 
Perceptions 


65. identify some ways that gravity is 
the moving force in various natural 
phenomena (water movement, land 
movement, air movement). 


Respect for Logic, Respect 
for Order in Nature 


Analyzing 

systems. 

Translating 


Differences and Similar- 
ities of Interactions, 
Science and Technology 


66. discuss the similarities and dif- 
ferences of man living on the earth 
and living on a satellite orbiting 
the earth. 


Consideration of 
Consequences, Respect for 
Logic 


Interpreting 

data. 

Measuring 


Space/Time Reference 
Frames, Statistical 
Descriptions 


67. describe some indirect methods that 
have been used to determine the 
shape of the earth. 


Consideration of Premises, 
Search for Dalz and their 
Meaning 


Defining 
operationally, 
issiinilating, 
Using space/ 
time relation- 
ships 


Space/Time Reference 
Frames, Statistical 
Descriptions 


68. discuss the concept light year ,'<nd 
the reason for using this method 
of measurement in astronomy. 


De m onst ra t i ng Confi den ce 
and Satisfaction, Longing 
to Know and Understand 


Observing , 
Measuring 


Science and Technolo^^y 


69. name the instruments that a scientist 
might use in exploring the sokr 
system and describe the basic use 
of each. 


Longing to Know and Under- 
stand 


A nalyzing 

systems. 

Generalizing 


Dit'ferences and Similar- 
ities nf Objects, 

Diffet ences and Similiar- 
ities of Interactions, 

Int^rd ‘pendency of Nalure 


70. describe the conditions necessary 
for life and discuss why life as we 
know it probably could not exist 
on other planets of our solar 
system. 


Consideration of Premises, 
Questioning of All Things 


Interpreting 

data 


Space/Time Reference 
Frames, Statistical 
Descriptions 


71. cc.iculate and graph the time re- 
quired for sunlight to reach the 
planets in the solar system. 


Respect for Logic 


Cognitively 
evaluating 
alternatives. 
Manipulating varia- 
bles, SynthesLing 


Space/Time Reference 
Frames, Statistical 
Descriptions 


72. construct inferencv^s concerning 
the present feasibility of inter- 
planetary travel 


Questioning of All Things, 
Respect for Logic 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Attitudes 


Generalizinj^;. 

Measuring 


Space/Time Reference 
Frames, Statistical 
Descriptions 


1. 


give examples of how each of 
the five senses can be used as 
instruments with which man can 
observe, measure and understand 
the u.'dverse. 


Con.sid era lion of Prcmi.sc.s, 
Valuing Scientific Heritage 


Measuring, 

Communicating 


Statistical Descriptions 


2. 


identify the characteristics of 
a good measurement system including: 
units, reference to standard, and 
limitations of scale. ' 


Considcra lion of Prem isos. 
Search for Data and their 
Meaning 


Measuring, 

Communicating 


Statistical Descriptions 


3. 


zero an instrument of measurement 
and read a scale to the nearest 
appropriate unit. 


Co nsidcra tion of Prem ises. 
Search for Data and their 
Meaning 


Measuring, 

Communicating 


Statistical Descriptions 


4. 


demonstrate skill in development of 
units of measurement and standards 
of measurements. 


Co?}sideratici- c-f Prem ises. 
Search for Data and their 
Meaning 


Communicating, 

Manipulating 

variables, 

Recognizing 

variables 


Generalized Perceptions, 
Science and Technology 


5. 


demonstrate the ability to carry 
out an independent activity from 
printed or oral directions. 


Demonstrating Confidence 
and Satisfaction, Demand 
for Verification, Question- 
ing of All Things 


Measuring, 

Communicating 


Statistical Descriptions 


6. 


demonstrate the ability to compre- 
hend the meaning of questions and 
to respond appropriately. 


Demonstrating Confidence 
and Satisfaction, Consider- 
ation of Premises, Search 
for Data and their Meaning 


Measuring, 

Communicating 


Statistir.al Descriptions 


7. 


demonstrate skill in using a meter 
stick and metric units including the 
millimeter, centimeter, and meter in 
measurement of distance and in 
reporting the answer to 'jn 
accuracy of +0.2 cm. 


Demonstrating Confidence 
and Satisfaction, Consider- 
ation of Premises, Respect 
for Logic 


Measuring, 

Communicating 


Statistical Descriptions 


8. 


demonstrate skill in using 
a pan balance to measure mass 
in units including the gram and 
kilogram and in reporting the 
answer to an accuracy of 
+ 0.5 grams. 


Demonslraling Confidence 
‘‘and Satisfaction, 
Consideration of Premises, 
Respect for Logic 


Measuring, 

Communicating 


Statistical Descriptions 


9. 


demonstrate skill in using a 
a thermometer by recording 
temperatures in correct units 
to an accuracy of + 0.5 deforces. 


Demonstrating Confidence 
and Satisfaction, 
Consideration of Premises, 
Respect for Logic 


Chaining, 

Manipulating 

’'ariables, 

Observing 


Space/Time Reference 
Frames, Science and 
Technology 


10. 


demonstrate the ability to 
properly use, handle, and 
care for microscope. 


Demonstrating Confidence 
and Satisfaction, 

Longing to Know and Unde 
stand 


Manipulating 

variables. 

Chaining, 

Observing 


Space/Time Reference 
Frames, Science and 
Technology 


11. 


mount a slide on the stage 
of a microscope and focus the 
scope using both low and high 
power objectives. 


Demonstrating Confidence 
and Satisfaction, Longing 
to Know and Understand 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Attitudes 


Manipulating 

variables. 

Chaining, 

Observing 


Space/Time Reference 
Frames, Science and 
Technology 


12. adjust the lighting and 

magnification of a microscope 
for appropriate study of the 
material. 


Demonstrating Confidence 
and Satisfaction, Longing 
to Know and Understand 


Recognizing 

variables. 

Communicating 


Statistical Descriptions, 
Space/Time Reference 
Frames 


13. demonstrate the ability to 

properly identify information 
and construct a data table. 


Search for Data and their 
Meaning, Consideration of 
Premises, Demonstrating 
Confidence and Satisfaction 


Interpreting 
data. Commu- 
nicating 


Statistical Descriptions, 
Generalized Perceptions 


14. demonstrate the ability to 
inl^erpret information from a 
data table. 


Search for Data and their 
Meaning, Consideration of 
Premises, Demonstrating 
Confidence and Satisfaction 


Communicating, 

Recognizing 

variables 


Statistical Descriptions, 
Space/Time Reference 
Frames 


15. demonstrate the ability 
to record information by 
by constructing a graph 
using data containing two 
variables. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction, 
Consideration of Premises 


Interpreting 
data. Commu- 
nicating 


Statistical Descriptions, 
Generalized Perceptions 


16. demonstrate the ability to 
interpret information pre- 
sented to him in a graphic 
form. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction, 
Consideration of Premises 


A nalyzing 

systems. 

Testing 


Fundamental Structures, 
Interdependency of Nature 


17. demonstrate a method for analysis 
of a .system by identifying sources 
of the problem c^nd describe a 
method to test for each problem 
identified, e.g. a light bulb 
that will not glow. 


Demonstrating Confidence 
and Satisfaction, Respect 
for Logic 


Recognizing 

variables. 

Generalizing, 

Defining 

operationally, 

Communicating 


Constant Change, General- 
ized Perceptions 


18. :jtate a definition of “variable” 
which includes the concept of 
change. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Analyzing 

systems. 

Generalizing, 

Defining 

operationally. 

Communicating 


Fu nda mentals tru c tu res. 
Interdependency of Nature 


19. state a definition of “control” 
being certain to include the 
concept of experimental 
design. 


Consideration of Premises, 
Valuing Scientific Heritage, 
Respect for Logic 


Generalizing, 

Defining 

operationally, 

Communicating 


Generalized Perceptions 
Differences and Similar- 
ities of Objects, 
Differences and Similar- 
ities of Interactions 


20. state a definition of 

hypothesis being certain 
that the response indicates 
a tentative answer to a 
question that can be tested 
by experimentation. 


Valuing Scientific Heritage, 
Demonstrating Confidence 
and Satisfaction 


Experimenting, 

Formulating 

Hypotheses, 

Analyzing 

systems 


Generalized Perceptions 


21. demonstrate the ability to 
design and carry out a simple 
experiment. 


Respect for Logic, Demon- 
strating Confidence and 
Satisfaction, Valuing 
Scientific Heritage 
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p 



ro cesses 



Conceptual Schemes 



Formula ling 
mode la. 
Translating 



Generalized Perceptions 



OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 

22. demonstrate a skill by 
building a model ba.sed 
on observable charac- 
teristics and use the model 
to predict future obser- 
vations. 



Value.s and Attitudes 



Search for Data and Ihcir 
Meaning, Consideration of 
Premises, De?nonstrating 
Confidence and Satisfaction 



Generalizing, 

interpreting 

data 



Differences and Similar- 
ities of Interactions 



23. state the procedures to 

when chemicals are spilled 
in the laboratory. 



Consideration of 
Consequences 



Generalizing, 

Interpreting 

data 



Differences and Similar- 
ities of Interactions 



24. state the procedures to follow 
when an accidental fire breaks 
out in the laboratory. 



Consideration of 
Consequences 



Translating, 
Interpreting 
data, Commu- 
nicating 



Science and Society, 
Science and Technology 



25. select and order items 
(pictures, news releases, 
advertisements, etc.) from 
the news media to illu.strate 
the effect of science and 
technology on a .selected 
area of liis life. 



Valuing Scientife Heritage, 
Consideration of 
Consequences 



Analyzing 
systems. 
Interpreting 
data. Commu- 
nicating, 
Affective and 
Social Eval- 
uating 



Science and Society, 
Science and Technology 



26. analyze a current article 
from popular periodic 
literature (newspaper, or 
popular magazine) as to 
it’s probable scientific 
creditability and predict 
some of the possible effects 
of the phenomena reported on 
contemporary life. 



Respect for Logic, Consid- 
eration of Premises, 
Consideration of 
Consequences 



Communicating, 

Translating 



Science and Technology, 
Generalized Perceptions 



27. identify periodicals which he 
could read to keep abreast of 
of important and significant 
scientific and technological 
advances. 



Longing to Know and Under- 
stand, Valuing Scientific 
Heritage, Search for Data 
and their Meaning 



Character 
Building, 
Affective and 
Social Eval- 
uating 



Generalized Perceptions, 
Science and Technology, 
Differences and Similar- 
ities of Interactions 



28. peruse scientific (not highly 
technical) literature in his 
leisure time reading. 



Longing to Know and Under- 
stand, Valuing Scientific 
Heritage, Demand for 
Verification, Respect for 
Logic, Consideration of 
Premises 



Communicating, 

Translating 



Science and Technology, 
Generalized Perceptions 



29. identify reference works which 
he can use to investigate 
scientific and technological 
topics. 



Longing to Know and Under- 
stand, Valuing Scientific 
Heritage, Search for Data 
and their Meaning 



Analyzing 

systems. 

Interpreting 

data. 

Affective and 



Science and Society, 
Science and Technology 



30. 



Social Eval- 
uating 



analyze a book on a scientific 
or technical subject as to 
important ideas presented and 
their relationship to society. 



Respect for Logic, Con.sid 
eration of Premises, 
Consideration of 
Consequences 
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3.32-L Jr. Hi./Mid. Sch. Objectives - Aren: Living Things 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, 
the student will: 


Values and Attitudes 


Defining 

operationally 


Fundamental Structures, 
Interdependency of Nature 


1. 


order the components of 
an organism ranging from 
cells to systems in terms 
of complexity. 


Respect for Order in Nature 
Longing to Know and Under- 
stand, Search for Data and 
their Meaning 


Defining 

operationally. 

Formulating 

Hypotheses, 

Classifying 


Differences and Similar’ 
ities of Objects 


2. 


identify from an assortment 
of items those that are 
living and defend his 
classification. 


Longing to Know and Under- 
stand, Respect for Order 
in Nature 


Defining 

operationally^ 

Formulating 

Hypotheses, 

Classifying 


Differences and Similar’ 
ities of Objects 


3. 


from an assortment of 
macroorganisms select 
those that are plants and 
those that are animals and 
defend his classification. 


Longing to Know and Under- 
stand Respect for Order 
in Nature 


Recognizing 

variables. 

Generalizing, 

Classifying 


Differences and Similar’ 
ities of Objects 
Generalized Perceptions 


4. 


make a comparison of plant 
and animal cells. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Analyzing 

systems. 

Generalizing 


Constant Change 


5. 


list the essential life 
activities that are carried 
on by every living cell. 


Search for Data and their 
Meaning, Respect for Order 
in Nature. 


Using space/ time 

relationships, 

Observing 


Constant Change, Differ- 
ences and Similarities 
of Objects 


6. 


give a brief explanation of 
what transpires in the nuclear 
material of a cell during cell 
division. 


Longing to Know and Under- 
stand, Respect for Order in 
Nature 


Predicting 




7. 


predict from observations the 
typical growth pattern for humans 
and other organisms. 


Respect for Order in Nature 


A nalyzing 
systems 


Differences and Similar- 
ities of Interactions 


8. 


name the three common methods 
by which plants may secure food 
and identify plants which employ 
each of these methods. 


Longing to Know and Under- 
stand, Consideration of 
Consequences, Respect for 
Order in Nature 


Synthesiz'ng, 

Analyzing 

systems. 

Formulating 

models 


Interdependency of Nature, 
Science and Technology 


9, 


discuss or write a paper on how 
plants and animals depend upon 
each other. 


Developing a Commitment tc 
Aesthetics in Nature 


Defining 

operationally 


Interdependency of Nature, 
Science and Technology, 
Force Fields 


10. 


define “weed” and explain how 
weeds can be undesirable. 


Consideration of 
Consequences 


Proposing 
answers. 
Cognitively 
evaluating 
alternatives. 
Affective and 
Social Eval- 
uating 


Interdependency of Nature, 
Science and Technology, 
Science and Society, Force 
Fields 


n. 


identify means of weed control 
other than chemicals 


Developing a Commitment tc 
Aesthetics in Nature, 
Consideration of 
Consequences 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Attitudes 


Formulating 

models. 

Translating 


Interdependency of Nature 
Science and Technology 


12. construct demonstrations or 

models of various methods that 
may be used to conser\'c top 
soil and explain under v hat 
conditions each might be used. 


Developing a Commitment to 
Aesthetics in Nature, Valuing 
Scientific Heritage 


Analyzing 

systems. 

Synthesizing, 

Communicating 


Interdependency of Nature, 
Science and Technology, 
Force Fields 


13. list the chief enemies, natural 

and man-made, of plants and des- 
cribe methods that might control 
^■’iese enemies. 


Consideration of 
Consequences, Developing a 
Commitment to Aesthetics in 
Nature 


Recognizing 

variables 


Constant Change, 
Statistical Descriptions, 
Science and Technology 


14. explain how stronger muscles 
may be developed and cite ex- 
amples to illustrate. 


Consideration of 
Consequences, Demand 
for Verification 


Formulating 

Hypotheses 


Force Fields, /n^cr- 
dependency of Nature, 
Science and Technology, 
Science and Society 


15. produce a list of factors that 

would influence the development 
of his physical, mental, emotional, 
social and moral resources. 


Longing to Know and Under- 
stand 


Classifying, 

Recognizing 

variables 


Differences and Similar- 
ities of Objects 


16. classify an assortment of plants 
and/or animals, preserved speci- 
mens of plants and/or animals, 
or pictures of plants and/or 
animals into two or more cate- 
gories and defend his classifi- 
cation system. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Classifying, 

Manipulating 

variables 


Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


17. order as to the complexity of the 
organism an assortment of plants 
and/or animals, preserved spec- 
imens of plants and/or animals or 
pictures of plants and/or animals, 
which have been classified into 
two or more categories. 


Search for Data and their 
Meaning, Respect for Order 
in Nature, Longing to Know 
and Understand 


Classifying, 

Defining 

operationally 


Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


18. identify from an assortment of 
specimens, living or preserved, 
or pictures, those that would fit 
each of the following: Spermato- 
phyte, gymnosperm, monocot, 
dicot, pteridophyte, bryophyte, 
and thallophyte. 


Respect for Logic, Valuing 
Scientific Heritage 


Formulating 

models. 

Translating 

Communicating 


Matter Conservation, 
Energy Forms, /nter- 
dependency of Nature, 
Generalized Perceptions 


19. draw a diagram showing the 
nitrogen cycle and be able 
to explain various steps of 
it. 


Developing a Commitment 
to Aesthetics in Nature, 
Respect for Order in Nature, 
Search for Data and their 
Meaning, Consideration 
of Consequences 


Formulating 

models. 

Experimenting, 

Synthesizing, 

Communicating 


Matter ConservatiLn, 
Energy Forms, Inter 
dependency of Nature, 
Generalized Perceptions 


20. construct a terrarium and 
use it to explain the carbon 
and water cycles. 


Developing a Commitment 
to Aesthetics in Nature, 
Respect for Order in Nature, 
Search for Data and their 
Meaning, Consideration of 
Consequences 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Attitudes 


Analyzing 
systems, 
Cognitively 
evaluating 
alternatives, 
Affective and 
Social Eval- 
uating 


Interdependency of Nature 
Science and Technology, 
Science and Society 
Constant Change 


21. 


cite examples of how man has 
affected nature and predict 
some consequence if he con- 
tinues on his present course. 


Consideration of 
Consequences, Developing 
a Commitment to Aesthetics 
in Nature 


Manipulating 

variables, 

Generalizing, 

Communicating 


Science and Technology 


22. 


write a paper explaining how 
man cares for and improves the 
plants and animals which arc 
necessary for his existence. 


Consideration of Premises, 
Valuing Scientific Heritage, 
Consideration of 
Consequences 


Formulating 

models. 

Formulating 

Hypotheses, 

Translating, 

Communicating 


Interdependency of Nature, 
Science and Technology 


23. 


identify and illustrate how fish 
and other wildlife provide val- 
uable resources and beneficial 
acts. 


Developing a Commitment 
to Aesthetics in Nature, 
Consideration of Premises, 
Consideration of 
Consequences 


Defining 

operationally. 

Generalizing, 

Classifying, 

Communicating 


Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


24. 


demonstrate various ways by 
which plants may reproduce 
such as seeds, spores, 
cuttings, etc. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Formulating 

models 


Statistical Descriptions, 
Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


25. 


construct a model to demonstrate 
how traits are passed from parent 
to offspring. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Analyzing 

systems. 

Generalizing, 

Using space/time 

relationships. 

Communicating 


Space/Time Reference 
Frames, Constant Change 


26. 


draw a diagram illustrating 
alternation of generations 
in higher plants. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Defining 

operationally. 

Communicating, 

Cognitively 

evaluating 

alternatives 


Differences and Similar- 
ities of Objects, Space/ 
Time Reference Frames 


27. 


discuss various means of asexual 
reproduction and how asexual re- 
production is of value to man 
and the organism. 


Search for Data and their 
Meaning, Consideration of 
Consequences 


Communicating, 

Classifying 


Constant Change, Differ- 
ences and Similarities 
of Objects, Generalized 
Perceptions 


28. 


draw, or by other means produce 
a visual illustration that will show 
the life cycle of various animals 
such as: a fish, a frog, a robin, 
a rabbit, etc. 


Respect for Order in Nature, 
Search for Data and their 
Meaning, Valuing Scientific 
Heritage 


Defining 

Operationally, 

Interpreting 

data 

Communicating 


Interdependency of Nature, 
Generalized Perceptions, 
Differences and Similar- 
ities of Interactions 


29. 


write a paper or discuss the 
different forms of 
pollination. 


Respevct for Order in Nature, 
Search for Data and their 
Meaning 


Classifying 


Differences and Similar- 
ities of Objects, Constant 
Change 


30. 


list the plants that are in 
his yard or the school ground 
and identify them as to annual, 
biennial, or perennial. 


Longing to Know and Under- 
stand, Search for Data and 
their Meaning 
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Processes 



Rccof^nkinf^ 

variablea. 

Interpreting 

data 



Coiieeptual Schemes 



Differences and Siniilur- 
Hies of Interactions, 
Differences and Similar- 
ities of Objects, 
Generalized Perceptions 



OBJECTIVES: 



Dependent on ability 
and past experience, the 
student will: 



Values and Attitudes 



31. label on a map some of the 
major biomes of the world. 



Developing a Commitment to 
Aesthetics in Nature, Lon{»inj» 
to Know and Understand, Search 
for Data and their Meaning 



Analyzing 

systems 



Interdependency of Nature, 
Space/Time Reference 
Frames 



32. report on the plant and animal 
life of a selected biome. 



Developing a Commitment to 
Aesthetics in Nature 



Experimenting, 

Formulating 

Hypothe.ses, 

Manipulating 

Variables 



Proposing 
A nswers. 
Cognitively 
Evaluating 
Alternatives 



Proposing 

Answers, 

Cognitively 

Evaluating 

Alternatives 



Force Fields, Constant 
Change, Statistical 
Descriptions, Action 
Forces 



Interdependency of Nature 



Interdependency of Nature, 
Constant Change, Force 
Fields 



33. develop an experiment that will 
show how a plant may adapt to 
environmental changes such as 
change in direction of light 
source, change in position, 
gravity, etc. 

34. predict the adaptation that 
a hypothetical animal (given 
characteristics) will make in 
a hypothetical biome (given 
characteristics) and defend his 
predictions. 

35. predict how various plants and 
animals might react under given 
conditions and defend his pre- 
dictions 



Longing to Know and Under- 
stand, Search for Data and 
their Meaning, Consideration 
of Premises 



Respect for Logic, Developing 
A Commitment to Aesthetics in 
Nature 



Developing a Commitment to 
Aesthetics in Nature, Respect 
for Logic, Consideration of 
Premises, Consideration of 
Consequences 



s 



O 
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3.32 - M & E Jr. Hi./Mid. Sch. Objectives' - Miittcrand Energy 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Attitudes 


Comm iinicalinfi, 
Generali/,! ng 


Differences and Similar^ 
Hies of Objects, Space/ 
Time Reference Frames, 
Force Fields 


1. 


illustrate the basic propertle.s of 
all matter (mass and space 
occupaney). 


Demand for Verification. 
Demonstrating Confidence 
and Satisfaction 


Communicalinf{, 

Generalizing, 

Deffning 

operationally 


Differences and Similar- 
ities of Objects 


2. 


define element, compound and mix- 
ture, and state properties tliat dis- 
tinguish them from one another. 


Consideration of Premises 


Formula ling 

models, 

Translating, 

Cognitively 

evaluating 

alternatives 


Fundamental Structures, 
Differences and Similar- 
ities of Objects, General- 
ized Perceptions 


3. 


construct and defend a model of 
matter which will explain specified 
properties and interactions of 
matter. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Formula ling 

models, 

Translating, 

Cognitively 

evaluating 

alternatives 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects, Funda- 
mental Structures 


4. 


modify an established model of 
matter to incorporate new 
phenomena. 


Questioning of All Things, 
Search for Data and Their 
Meaning, Consideration of 
Premises 


Formula ling 
models 


Force Fields, Space/Time 
Reference Frames, Differ- 
ences and Similarities of 
Objects, Fundamental 
Structures, Statistical 
Descriptions^ 


5. 


construct a model of matter 
that explains particle for- 
mation, particle combination 
in definite ratio, particle 
cohesiveness and particle 
movement. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Classifying 


Differences and Similar^ 
Hies of Objects, Space/ 
Time Reference Frames 


6. 


identify the natural elements 
and those that are man-made 
when given a periodic table. 


Respect for Logic, Search 
for Data and their Meaning, 
Respect for Order in Nature 


Inlerpreling 
da la, 

Recognizing 

variables 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities 
of Interactions 


7. 


compare and contrast properties of 
various elements. 


Search for Data and their 
Meaning, Consideration of 
Premises, Respect for Order 
in Nature 


Testing, 

Communicating 


Differences and Similar- 
ities of Objects 


8. 


demonstrate the use of spectro- 
scopy or a flame test to identify 
specific elements. 


Search for Data and their 
Meaning 


Classifying, 
Interpreting 
data, Commu- 
nicating 


Differences and Similar- 
ities of Objects 


9. 


use a periodic table and show how 
to find atomic weight, atomic number, 
common combining numbers and dis- 
tinguish between metals and non- 
metals. 


Respect for Order in Nature 


Categorically 

conceptualizing 


Fundamental Structures 


10. 


name the three fundamental particles 
in an atom. 


Respect for Order in Nature 


Classifying, 

Observing, 

Interpreting 

data 

Defining 

operationally 


Differences and Similar- 
ities of Objects 


11. 


distinguish between the physical 
and chemical properties of a given 
substance. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 
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Procc-sses 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


I'onmiUitinfi 

models 


Generalized Percept ions, 
Statistical Descriptions 
Energy Forms 


12. 


construct a model of matter that 
explains simple chemical reactions 
and electrolysis. 


Search for Data and their 
Meaning, Questioning of 
All Things, Consideration of 
Fremises 


Categorically 

conceptuali^inf^ 


Differences and Similar- 
ities of Objects 


13. 


name the result of an atom gaining 
or losing electrons. 


De rn 0 1 IS t ra t ing C onfiden ce 
and Satisfaction 


Categorically 

conceptualizing 


Differences and Similar- 
ities of Objects 


14. 


give the name of the same element 
liaving different numbers of neutrons. 


Demonstrating Co n fide nee 
and Satisfaction 


Generalizing, 

Formulating 

Hypotheses, 

Analyzing 

systems 


Matter Conservation, 
Energy Conservation, 
Matter/Energy 
Conservation 


15. 


state the Laws of Conservation of 
Matter and Energy and identify some 
of the exceptions that are known 
today. 


Valuing Scien tific Heritage, 
Respect for Order in Nature, 
Search for Data and their 
Meaning 


Communicating 


Matter Conservation 


16. 


write an abbreviated statement of 
the reaction either in words or 
symbols if given a simple chemical 
reaction. 


Demonstrating Confidence 
and Satisfaction 


Experimenting, 

Formulating 

Hypotheses, 

Manipulating 

variables, 

Defining 

operationally 


Action Forces, Energy 
Forms, Interdependency 
of Nature 


17. 


design and perform an experiment 
to demonstrate that energy is 
necessary to bring about physical 
and chemical changes. 


Demand for Verification, 
Demonstrating Confidence 
and Satisfaction 


Experimenting, 

Formulating 

Hypotheses, 

Defining 

operationally 


Differences and Similar’ 
ities of Interactions, 
Matter Conservation 


18. 


design and perform an experiment 
to illustrate that substances 
lose individual identity in 
chemical change. 


Longing to Know and Under 
stand. Demand for 
Verification 


Defining 

operationally. 

Communicating 


Differences and Similar’ 
ities of Objects, Force 
Fields, Constant Change, 
Science and Technology 


19. 


write a paper concerning the 
phenomena of natural radio- 
activity and include some of 
its possible applications. 


Consideration of 
Consequences, Questioning 
of All Things, Search for 
Data and their meaning. 
Demonstrating Confidence 
and Satisfaction 


Defining 

operationally. 

Communicating 


Differences and Similar’ 
ities of Objects. Force 
Fields, Constant Change, 
Science and Technology 


20. 


\vrite a paper or discuss several 
potential uses of atomic energy. 


Consideration of 
Consequences, Questioning 
of AH Things, Search for 
Data and their Meaning 


Formulating 

Hypotheses, 

Analyzing 

systems 


Energy Forms, Matter/ 
Energy Conservation 


21. 


set up a demonstration which 
will show that combustion is a 
source of heat energy which can 
be transferred through radiation, 
convection and conduction. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Formulating 

models. 

Translating, 

Cognitively 

evaluatiing 

alternatives 


Energy Forms, General- 
ized Perceptions 


22, 


construct a model for heat that 
explains heat transfer and ex- 
pansion. 


Search for Data and their 
Meaning, Consideration of 
Premises 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Abstracting, 

Formulating 

Hypotheses, 

Experimenting 

Synthesizing 


Energy Forms, Action 
Forces, Interdependency 
of Nature 


23. 


design and perform experiments 
which show that energy transfer 
and/or transformation are an 
integral part of any chemical 
reaction. 


Demand for Verification, 
Consideration of Premises 


Analyzing 

systems, 

Defining 

operationally, 

Formulating 

Hypotheses 


Energy Forms, Differ- 
ences and Similarities 
of Interactions 


24. 


set up a demonstration that will 
show that various forms of energy 
can be released through oxidation. 


Demand for Verification 


Defining 

operationally. 

Communicating 


Science and Technology 


25. 


write a paper or discuss 
synthetic materials that man is 
now capable of making and is 
using in his everyday living. 


Consideration of Premises 


Formulating 

models. 

Communicating 


Energy Forms, Inter- 
dependency of Nature, 
Science and Technology 


26. 


construct a chart indicating the 
nutrients needed by man and 
ind.cate the function of each. 


Consideration of Premises, 
Search for Data and their 
Meaning, Respect for Order 
in Nature 


Analyzing 

systems 


Energy Forms, Matter 
Conservation, Matter/ 
Energy Conservation, 
Science and Technology 


27. 


identify major organs of the 
human body that are involved 
in converting food to energy and 
state the function of each 


Respect for Order in Nature, 
Longing to Know and Under 
stand 


Analyzing 

systems. 

Abstracting 


Science and Technology, 
Constant Change, Energy 
Forms 


28. 


explain why rest is needed and 
and what takes place while the 
body is at rest. 


Respect for Order in Nature, 
Consideration of 
Consequences 


Interpreting 

data. 

Defining 

operationally, 

Recognizing 

variables 


Space/Time Reference 
Frames, Statistical 
Descriptions 


29. 


interpret collected data con- 
cerning an object moving with 
nonuniform speed to develop an 
operational definition of 
acceleration. 


Search for Data and their 
Meaning 


Analyzing 

systems. 

Interpreting 

data, 

Formulating 

statistical 

models 


Action Forces, Statistical 
Descriptions, Generalized 
Perceptions 


30. 


identify from observations and 
collected data those variables 
which influence the acceleration 
of an object and state identified 
relationships in mathematical 
ratios. 


Search for Data and their 
Meaning, Consideration of 
Premises, Valuing Scientific 
Heritage 


Defining 

operationally. 

Generalizing, 

Interpreting 

data, 

Recognizing 

variables 


Space/Time Reference 
Frames, Force Fields, 
Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


31. 


define momentum in operational terms 
and identify it as one of the 
important qualities of motion to 
consider in collisions and ex- 
plosions. 


Search for Data and their 
Meaning, Consideration of 
Premises, Respect for Order 
in Nature 


Synthesizing, 

Manipulating 

variables. 

Interpreting 

data 


Space/ time Reference 
Frames, Differences and 
Similarities of Inter- 
actions, Statistical 
Descriptions 


32. 


formulate a rule describing momentum 
relationships involved in simple 
collisions and explosions after 
observing several such events. 


Search for Data and their 
Meaning, Respect for Logic 
Respect for Order in Nature 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent on ability 

and past experience, the 
student will: 


Values and Attitudes 


Clasi;ifyinfi, 

Defining 

operationally 


Differences and Similar- 
ities of Interactions, 

Energy Forms, Generalized 
Perceptions 


33. 


explain the difference 
between kinetic and 
potential energy and 
give several examples 
of each. 


He.specl for Order in Nature 


Defining 

operationally 


Differences and Similar- 
ities of Interactions, 
Action Forces 


34. 


identify wl;en work has 
been done given various 
situations, 


Search for Data and their 
Meaning, Consideration of 
Premises, Demonstrating 
Confidence and Satisfaction 


Manipulaling 

variables. 

Defining 

operationally 


Energy Exchange, Science 
and Technology, Energy 
Conservation 


35. 


perform a demonstration 
showing how simple 
machines are used to 
produce a mechanical 
advantage. 


Developing a Commitment to 
Aestiietics in Nature, 

Respect for Order in Nature, 
Consideration of Premises 


Synthesizing, 

Manipulating 

variables, 

Defining 

operationally, 

P'ormulating 

statistical 

models 


Energy Exchange, General- 
ized Perceptions, 

Statistical Descriptions, 
Space/Time Reference 
Frames 


36. 


describe the mathematical 
nature of the relationship 
between kinetic energy and 
velocity from the 
operational definition of 
work and the force- 
acceleration relationship. 


Respect for Logic, Valuing 
Scientific Heritage 


A nalyzing 
systems. 
Cognitively 
evaluating 
alternatives. 
Affective and 
Social Eval- 
uating 


Science and Technology, 
Differences and Similar- 
ities of Interactions, 
Space/Time Reference 
Frames 


37. 


apply the principles of 
conservation of momentum 
and energy to describe 
various events that 
occur in an automobile 
collision and relate 
these to various safety 
features being built 
into modern automobiles. 


Consideration of 
Consequences, Respect for 
Logic 


Analyzing 
system s. 
Defining 
operationally 


Differences and Similar- 
ities of Interactions 


38. 


analyze various 
situations and ex- 
plain which type of 
resistance must be 
overcome to do work 
in each situation. 


Search for Data and their 
Meaning 


Classifying, 

Simulating 


Energy Forms 


39. 


list various forms 
of energy and give an 
example of work done 
by each. 


Demonstrating Confidence 
and Satisfaction 


Formulating 

Hypotheses, 

Experimenting, 

Synthesizing 


Force Fields, Differ- 
ences and Similarities 
of Interactions 


40. 


design and perform 
an experiment that 
will show relationship 
between electricity 
and magnetism. 


Search for Data and their 
Meaning, Demand for 
Verification 


Formulating 

models. 

Interpreting 

data 


Differences and Shnilar- 
ilies of Interactions, 
Force Fields, Generalized 
Perceptions 


41. 


construct a model for 
sound to explain its 
propagation, reflection, 
beats sympathetic 
vibrations, etc. 


Search for Data and (heir 
Meaning, Respect for Order 
in Nature, Consideration of 
Premises 
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Processes 


Conceptual Schemes 


OBJECTIVES: DepcMident on ability 

and past expericMice, the 
student will: 


Values and Attitudes 


I'm na la ting 


Differences and Similar^ 
Hies of Interactions, 
Force Fields, Generalized 
Perceptions 


'12. use his model for sound 
to explain other be- 
haviors of sound such 
as: sound deadening, 
the Doppler effect, 
overtones, etc. 


(Questioning of Alt Things^ 
Res peel for Logie 


Interpreting 

data. 

Defining 

operationally, 

P'ormulating 

Hypotheses 


S ta t is t ica 1 Dcscrip t ions. 
Science and Technology, 
Science and Society 


'13. state the rules re- 
lating the music scale 
to frequency ratios 
and apply thevse rules 
to explain chording, 
harmony, rhythm, and 
other principals of 
musical scoring. 


Fespert for Order in i\'ature. 
Demonstrating Confidence 
and Satisfaction, Longing to 
Know and Ihidei-stand 


A natyzing 

syatem.% 

Defining 

operationally, 

Using space/ 

time relation* 

ships 


Force Fields, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


‘M. design a demonstration 
to illustrate the var- 
ious interactions of light 
with matter such as trans- 
parencies, translucencies, 
refractions and re- 
flections. 


Search for Data and their 
Meaning 


Simutating, 

Communicating 


Space/Time I^eference 
Frames 


45. use ray diagrams to 
describe the inter- 
actions of light with 
matter. 


Demonstrating Conficience 
and Satisfaction 


Formulating 

models. 

Cognitively 

evaluating 

alternatives 


Differences and Similar- 
ities of Interactions, 
Force Fields, Generalized 
Perceptions 


46. construct a model 
for light that ex- 
plains some of its 
interactions with 
matter. 


Search for Data and their 
Meaning, Respect for Order 
in Nature, Consideration 
of Premises 


Experimenting, 

Translating 


Differences and Similar- 
ities of Interretions, 
Force Fields, Generalized 
Perceptions 


47. use his model of 
light to predict 
its interaction with 
an unte.sted matter 
form or configuration 
and design and perform 
an experiment to test 
these predictions. 


Demand for Verification, 
Questioning of All Things 


Generalizing, 

Classifying 


Force FieldsS, Science 
and Technology, Energy 
Forms 


48. name the source of all 
forms of energy except 
nuclear energy and list 
those forms that come 
directly from the 
source and those forms 
which come indirectly 
from the source. 


Respect for Order in Nature, 
Developing a Commitment t 
Aesthetics in Nature 


Formulating 

Hypotheses, 

Cognitively 

evaluating 

alternatives 


Energy Forms 


49. design an experiment 
illustrating how 
energy is trans- 
formed from one 
form to another. 


Considera lion of Premises, 
Consideration of 
Consequences 


Analyzing 
systems, . 
Synthesizing 


Matter/Energy Conser- 
vation, Science and 
Technology 


50. describe and 

illustrate methods 
that man can use to 
conserve heat energy. 


Consideration of 
Consequences, Consideratioi 
of Premises, Demonstrating 
Confidence and Satisfaction 



7 
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3J2-EcV:S 



Jr. Hi. /Mid. Sch. Object ivo.s Earth and Space 



I^roccsscs 


Conceptual Schcmc.s 


OPJEC'riVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitude.s 


InlcrprcUnf^ 
data. Inferring 


Differences and Similar^ 
Hies of Objects, 

G c n era 1 i zed Pc rc cp t io n s 


1. 


describe the type and origin of the 
bedrock in his own locale, in his 
State and in the world. 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage, Demonstrating Cor 
fidcncc and Satisfaction 


Analyzing 

.s*v,s*/e/n.s\ 

Communicating 


Const fill 1 Change, General- 
ized Perceptions, 

Slalislical Descriptions 


2. 


cite evidence for the generally ac- 
cepted appropriate age of various 
bedrock. 


Search for Data and their 
Meaning, Questioning of All 
'rhings, Valuing Scientific 
Heritage 


Inlcrprcting 

data. 

Communicating 


Constant Change, 
Statistical Descriptions 


3. 


construct a model to explain why - 
rocks of different ages arc exposed 
in Indiana and surroundiiig states. 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage, Respect for Order 
in Natii.e 


Inlcrpinting 

data 


Space/Time Reference 
Frames, Science and 
Technology 


4. 


identify and locate on a map some 
rock and mineral deposits of interest 
to man. 


Search for Data and their 
Meaning 


Clas.si Tying. 
Generalizing 


Interdependency of Nature, 
Differences and Similarities 
of Objects, Space/Time 
Reference Frames 


5. 


correlate geological history of a region 
with diagrams and/or observations of 
geological formations. 


Search for Data and their 
Meaning, Respect for Order 
io Nature 


Classifying 


Differences and Sin. i lari lies 
of Objects 


5. 


identify common types of fossils 
found in Indiana and in the locale. 


Longing tc know and Under- 
stand 


Interpreting 

data^ 

Generalizing, 

Simulating 


Constant Change, Difference 
and Similarities of Objects 


7. 


write a paper or construct a model 
to indicate the effect of glaciation 
on the topography of Indiana and 
adjacent states. 


Se-arch for Data and their 
Meaning, Respect for Logic 


Defining 

operationally. 

Interpreting 

data 


Generalized Perceptions, 
Force Fields 


8. 


define “lithosphere” and cite 
evidence indicating that it is strati- 
fied. 


Search for Data and their 
Meaning 


Recognizing 

variables. 

Defining 

operationally 


Differences and Similarities 
of Objects, Force Fields, 
Generalized Perceptions 


9. 


name and characterize the layers 
of the atmosphere. 


Search for Data and their 
Meaning, Demonstrating 
Confidence and Satisfaction 


Interpreting 
data. Analyzing 
systems, Commu- 
nicating 


Generalized Perceptions 


10. 


describe and/or illustrate formations 
such as shelves and mountain ranges 
either in an ocean or lake floor. 


Search for Data and their 
Meaning 


Analyzing 

systems 


Constant Change, Action 
Forces 


11. 


identify the natural phenomena that 
bring about major earth changes. 


Search for Data and their 
Meaning, Respect for Logic 


Experimenting, 

Synthesizing 


Constant Change 


12. 


from observations of simple experi- 
ments, identify and briefly explain 
mechanisms by which minerals are 
changed in the formation of soil. 


Developing A Commitment tc 
Aesthetics in Nature, 


Classifying 


Differences and Similar- 
ities of Objects 


13. 


list the components of the solar 
system in addition to the planets. 


Demonstrating Confidence 
and Satisfaction 



JH/MS Ear. & Sp. 1 
67 




1^0 cesses 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Interferring 


Space/Time Reference 
Frames, Generalized 
Perceptions, Science 
and Society 


14. give a possible explanation of origin 
of the solar system. 


Communicating, 

Assimilating 


Generalized Perceptions, 
Science and Society 


15. list three persons who have made 
major contributions to astronomy 
and give a brief description of their 
work. 


Formulating 

models, 

Experimenting, 

Synthesizing, 

Communicating 


Matter Conservation, Energ; 
Forms, Interdependency of 
Nature, Generalized Percep- 
tions 


16. set up a demonstration of and ex- 
plain the water cycle. 


Recognizing 

problems. 

Proposing 

answers. 

Cognitively 

evaluating 

alternatives 


Science and Technol'>gy, 
Interdependency of Nature, 
Constant Change 


17. discuss some of the things that 

he can do to help control pollution 
of the soil, air and water in his 
community. 


Recognizing 

problems, 

Proposing 

answers, 

Cognitievely 

evaluating 

alternatives 


Science and Technology, 
Interdependency of Nature, 
Constant Change 


18. . . identify misuses of land areas 

within his school district and sug- 
gest possible corrective steps. 


Interpreting 

data 


Matter Conservation 


19. make lists of natural materials that 
are renewable and nonrenewab*e. 


Analyzing 

systems, 

Formulating 

Hypotheses 


Interdependency of Nature 


20. identify some of the adaptations 
man must make when he leaves the 
earth and enters space. 


Analyzing 

systems. 

Formulating 

Hypotheses 


Interdependency of Nature 


21. identify some of the adaptations 
man must make when he leaves 
land and enters the hydrosphere. 


Simulating, 

Defining 

operationally 


Generalized Perceptions 


22. construct a model microclimate. 


Measuring, 

Communicating 


Statistical Descriptions 


23. demonstrate proficiency in use of 
various weather instruments such as 
thermometer, barometer, hydro- 
meter, rain gauge, wind vane. 


Interpreting 

Uu(.u, 

Generalizing 


Statistical Descriptions, 
Constant Change, Force 
Fields 


24. make a list of the various instru- 
ments that are used to produce 
long range weather forecasts and 
explain what information is gained 
from the use of each instrument. 



Values and Attitudes 



Demonstrating Confidence 
and Satisfaction 

Longing to Know and Under- 
stand 

Valuing Scientific IFeritage 



Developing a Commitment to 
Aesthetics in Nature, Respect 
for Order in Nature, Search 
for Data and their Meaning, 
Consideration of Consequences 

Comideva tio n of Consequences^ 
Developing a Commitment to 
Aesthetics in Nature 



Consideration of Consequences, 
Developing a Commitment to 
Aesthetics in Nature 



Consideration of Premises, 
Consideration of Consequences 

Consideration of Premises, 
Consideration of Consequences 



Consideration of Premises, 
Consideration of Consequences 



Demonstrating Confidence 
and Satisfaction 



Demonstration Confidence 
and Satisfaction 



Search for Data and their 
Meaning, Consideration of 
Premises 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Altitudes 


A nalyzing 

sys/c/ns, 

'IVanslating 


liUc rd vpe ndeu cy of Sti i u iv 
Science and Technology 


25. 


discuss or write a paper on the part 
climate plays in determining the 
life pattern of living things in a given 
area. 


Consideration of Premises, 
Developing A Commitment to 
Aesthetics in Nature, Consid- 
eration of Consequences 


Recognizing 

Problems, 

Cognitively 

Evaluating 

Alternatives 


Science and Technology, 
Interdepe’idency of Nature 


26. 


infer some effects various weather 
and climatic conditions may have 
on man’s physical and emotional 
behavior. 


Consideration of Premises, 
Consideration of Consequences, 
Respect for Order in Nature 


Defining 

operationally, 

Equating. 

Recognizing 

variables 


Differences and Similar- 
ities of Objects, Space/ 
Time Reference Frames 


27. 


compare our sun to other stars. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Assimilating 


Space/Time Reference 
Frames, Differences and 
Similarities of Objects, 
Statistical Descriptions 


28. 


list the outstanding characteristics 
of each of the planets in our solar 
system. 


De monst ra ting Co nfidence 
and Satisfaction, Valuing 
Scientific Heritage 


lYan staling, 
Interpreting 
data, 

Generalizing 


Force Fields, Generalized 
Perceptions 


29. 


discuss the basic ideas of Newton’s 
Laws of Motion and Gravitation and 
demonstrate how they affect him. 


Valuing Scientific Heritage, 
Respect for Order in Nature 


Synthesizing 


Interdependency of Nature 


30. 


give examples of how man is de- 
pendent upon soil, directly or in- 
directly, for his food, clothing and 
shelter. 


Respect for Order in Nature 


Pj'o posing 
answers. 
Interpreting 
data, 

Cognitively 
evaluating 
alternatives, 
Affective and 
Social Eval- 
uating 


Science and Technology 


31. 


look at pictures of variou.s land- 
scapes and prescribe possible uses 
for the land from the data available 
in the pictures. 


Developing a Commitment to 
Aesthetics in Nature, 
Consideration of Consequences, 
Consideration of Premises 


Analyzing 

systems. 

Formulating 

Hypotheses, 

Experimenting 


Differences and similar- 
ities of Interactions, 
Mattel Conservation 


32. 


construct a demonstration showing 
possible methods that would help 
to control the runoff of a given 
watershed. 


Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 


A nalyzing 
systems. 
Affective and 
Social Eval- 
uating, 
Interpreting 
data 


Science and Technology, 
Science and Society 


33. 


discuss his need for state parks, na- 
tional parks, forests, water areas, 
historical sites, camping areas, na- 
ture sanctuaries and arboretums; 
and tell where each of these can be 
found in or near his community. 


Developing a Commitment to 
Aesthetics in Nature 


Analyzing 

systems 


Matter/Energy Conserva- 
tion 


34. 


discuss the conditions that must be 
met to place an object into orbit. 


Search for Data and their 
Meaning 
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Proces.ses 


Conceptual Schemes 


Formulating 

models 


Energy Forms, Matter/ 
Energy Conservation 


Categorically 

Conceptualizing, 

Communicating 


Differences and Similar- 
ities of Objects 


A nalyzing 

systems. 

Generalizing 


Differences and Similar- 
ities of Objects 


Communicating, 

Measuring 


Constant Change, Differ- 
cncss and Similarities 
of Objects 


Communicating, 

Assimilating 


Generalized Perceptions, 
Science and Society 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
st udent will: 



Values and Attitudes 



35. explain how radiation is produced by 
the sun. 



Search for Data and their 
Meaning 



36. name and differentiate the basic 
types of optical telescopes and cite 
the location of an example of each. 



Longing to Know and Under- 
stand, Demonstrating Confi- 
dence and Satisfaction, Valu- 
ing Scientific Heritage 



37. discuss how and why an astronomer 
uses a radio telescope, radar and 
lasers. 



Valuing Scientific Heritage 



38, use a simple spectroscope and/or a 
camera to record and report celes- 
tial phenomena. 



Longing to Know and Under- 
stand 



39, 



identify some major contributions 
to our present understanding of the 
solar system and discuss briefly their 
contribution. 



Valuing Scientific Heritage 
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High School Objectives - Gcner;il 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dopondont upon ability 

and past experience, the 
student will: 


Values and Attitudes 


iXuinhcni 


S (a t is (ica i I )escrip ( ions 


1. 


add, subtract, multiply and divide 
(in base 10) numbers up to throe 
digits. 


Domon.sl rating Confidence 
and Satisfaction, Respect for 
Logic 


Inferring, 

Usin^ Numbers 


Slat is t ical Descrip t ions 


2. 


estimate the result of calculations 
performed on appropriate measure- 
ments. 


Demonstrating Confidence 
and Satisfaction, Respect for 
Logic 


Communicating 


S (a t is t ica 1 1) esc rip lions, 
Generalized Perceptions 


3. 


translate a word description of a 
mathematical relationship into a 
mathematical sentence. 


Demonstrating Confidence 
and Satisfaction, Respect for 
Logic 


Communicating 


Slat is tic at Descrip lions, 
Generalized Perceptions 


4. 


translate a mathematical equation 
into words. 


Demonstrating Confidence 
and Satisfaction, Respect for 
Logic 


Simulating, 
Using Numbers 


Statistical Descriptions 


5. 


calculate with a slide rule, correctly 
placing the decimal point in the 
answer, arithmetic problems such 
as: (a) multiplying whole and deci- 
mal numbers, (b) dividing whole and 
decimal numbers, (c) doing a series 
of such multiplications and divisions 
(in any order) and (d) finding the 
square and square root of any num- 
ber. 


Demons tra ting Confidence 
and Satisfaction 


Measuring, Using 
space/ lime rela- 
tionships. 
Classifying, 
Categorically 
conceptualizing 


Statistical Descriptions 


6. 


state whether a given metric measure- 
ment is a measurement of mass, vol- 
ume, or length. 


Consideration of Premises, 
Demonstrating Confidence 
and Satisfaction 


Analyzing 

systems. 

Measuring 


Statistical Descriptions, 
Generalized Perceptions 


7. 


measure and record all the dimen- 
sions of a solid using the appropri- 
ate metric scale indicating the un- 
certainty of the measurement. 


Consideration of 
Consequences, Questioning 
Of All Things, Search for 
Data and their Meaning 


Interpreting 

data. 

Measuring 


Statistical Descriptions 
Generalized Perceptions 


8. 


record measurements using scientific 
notation (powers of 10). 


Demonstrating Confidence 
and Satisfaction, Respect for 
Logic 


Interpreting 
data. Using 
Numbers 


Statistical Descriptions, 
Generalized Perceptions 


9. 


add, subtract, multiply, divide and 
find powers and roots of data re- 
corded in scientific notation. 


Respect for Logic, Considera- 
tion of Premises 


Interpreting 

data. 

Measuring 


Statistical Descriptions, 
Generalized Perceptions 


10. 


calculate surface area and volume of 
solids indicating the uncertainty of 
the result. 


Respect for Logic, Considera- 
tion of Premises, Search for 
Da ta and their Mea n ing 


Measuring, 

Communicating 


Statistical Descriptions, 
Generalized Perceptions 


11. 


Use correct units with both measured 
and calculated quantities. 


Search for Data and their 
Meaning, Consideration of 
Premises 
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Prorossing 


Conceptual Scliemes 


OIUECTIVKS: Dependent upon abilil\‘ 

and past experience, the 
student will: 


Values and Atlilude.s 


('frncrali::in^, 

('Diiiimmicaling 


N la t is 1 /( '( 1 1 Desa 'ip lion s, 
Ceiierali/.ecl Peri'opl ions, 
Science' and Soi*iet\’ 


12. 


delVnd the iK'ed for standardized 
units of nieasuivnienl. 


Search for Data and their 
Meaning, Ke.spi'ct for Logii‘, 
tkmsiderat ion of I’ri'inKe.s 


Inlcrprcliiifi 
(la la. 

Measuring 


Sta I is Ural 1 )cscrip lions, 
(lenemli/.ed Perceptions 


la. 


convert units within a measure' 
iiicnl system such as MKS (meter, 
kilogram, second). 


Uesperl for Logie, Searcli foi 
Dal a and their Meaning 


Atnilycinp 

Syrians, 

Intcrpivlin^ 

(laid, 

Moa.miring, 

(\)nHiumica(ittg 


S la 1 is I iva 1 Dcscrip 1 io ns. 
General i/.ecl Perceptions. 
Science and Society 


14. 


convert units in the MKS (meter. 
Kilogram, second) s\ slem to units in 
the cgs (ccntimeti'r, gram, S(’C(md) 
syst ('111 and vice versa. 


Longing to Knoii' and I'nder- 
stand. Search for Data and 
their Meaning, ('on.sideration 
of Consequences 


InU^rprchn^ 

(la la. Ordering. 
Kq Haling 


Statistical Descriptions, 
Gen e ra 1 i /> ed Per c ep t i o ns , 
Science and Society 


15. 


approximate ‘‘order of magnitude” 
for a given nieasurenicnl in other 
units (c.g. given tlic measurement of 
1 X 1 0^3 A" .the student should indi- 
cate that this is 10^ cm., 10^ ni., 

1 kill, and is about .6 of a mile). 


Longing to Fnou' and Under- 
stand, Search for Data and 
their Meaning. Consideration 
of Consequences. 


lulcrprcling 
(la la. 

Me (Hairing 


Statistical Descriptions, 
Generalized Perceptions 


16. 


name and apply a rule about signifi- 
cance of figures to identify those 
numerals which should be retained 
in a measurement or a calculation 
involving results of any measure- 
ment. 


Consideration of Premises, 
Search for Data and their 
Meaning, Respect for Logic 


Analyzing 
syatciwi, 
Measuring, 
Using space/ 
time realtion- 
ships 


Statistical Descriptions, 
Generalized Perceptions 


17. 


niea.sure and record time in stand- 
ardized units indicating the uncer- 
tainty of the measurement. 


Consideration of Premises, 
Search for Data and Ineir 
Meaning, Respect for Logic 


Analyzing 

systems, 

Translating 


Generalized Percep lions. 
Science and Society, 
Statistical Descriptions 


18. 


differentiate magnitudes of time 
intervals and suggest historieal and 
practical reason for their use. 


Valuing Scicn tific Heritage 


Analyzing 

systems. 

Measuring 


S ta t is tica 1 Dese rip lions. 
Generalized Perceptions 


19. 


determine and record the tempera- 
ture of a liquid indicating the uncer- 
tainty of the measurement. 


Consideration of Premises, 
Search for Data and their 
Meaning 


Analyzing 

systems. 

Formulating 

models 


Differences and Similar- 
ities of Interactions, 

Energy Forms, Generalized 
Perceptions 


20. 


construct a demonstration to dis- 
tinguish between heat and tempera- 
ture. 


Longing to Know and Under- 
stand, Search for Data and 
their Meaning, Respect for 
Logic 


Formulating 

statistical 

models. 

Experimenting 


Statistical Descriptions, 
Interdependency of Nature, 
Generalized Perceptions, 
Differences and Similar- 
ities of Interactions, 

Matter Conservation, 
Energy' Conservation 


21. 


from the initial pressure, volume and 
temperature for a sample of an ideal 
gas and two of these after the condi- 
tions have been changed, calculate 
the unknown. 


Search Data and their 
Meaning, Respect for Logic, 
Valuing Scientific Heritage 


Verbally 

associating 


Science and Teclinology 


22. 


Identify all common Iaborator\' ap- 
paratus by name. 


Demonstrating Confidence 
and Satisfaction 



H. S. Gen.-2 







Processo.s 



Conceptual Schemes 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



Psycho-motor 

shills. 

Assimilating 



Statistical Dese rip lions 



23, use a double pan or triple beam bal- 

anee to determine the mass of a siimple 
of any solid or liquid taking proper 
precaution so that the balance is not 
damaged, none of the sample is lost, 
and the sample is not containinated. 

In addition, the value reported should 
indicate the uncertainty of the meas- 
urement and be correct within tlie 
limits of the precision of the balance 
used. 



Demonstrating Confidence and 
and Satisfaction, Consideration 
of Consequences 



Psycho-motor 

skills 



24, insert a glass tube into a rubber 

stopper demonstrating ability to use 
a lubricant and protect himself from 
from possible injury by broken 
glass. 



Demonstrating Confidence and 
Satisfaction, Consideration of 
Consequences 



Psycho-motor 

skills 



Differences and Similar- 
ities of Interactions 



25. heat a liquid in a test tube to boiling 
without any overflow of the liquid. 



Demonstrating Confidence and 
Satisfaction, Consideration of 
Consequences. 



Interpreting Statistical Descriptions^ 

data, Generalized Perceptions 

Measuring, 

Using space/ 
time relationships. 



26. read the volume of a liquid in a 
graduated cylinder and/or a buret 
and record the measurements indi- 
cating its uncertainty. 



Consideration of Premises, 
Respect for Logic, Search 
for Data and their Meaning 



Psycho-motor 

skills 



Differences and Similar- 
ities of Interactions 



27. decant the liquid from over a solid 
material without a measurable loss 
of any of the solid. 



Demonstrating Confidence 
and Satisfaction, Considera- 
tion of Consequences. 



Psycho-motor 

skills, 

Measuring 



Statistical Descriptions 



28. use a bulb and pipette to transfer a 
specified quantity of liquid from a 
stock bottle to a beaker with an ac- 
curacy of ±0.1 ml. 



Demonstrating Confidence 
and Satisfaction, Considera- 
tion of Consequences 



Psycho-motor 

skills, 

Recognizing 

variables, 

Measuring 

Psycho-motor 

skills, 

Manipulating 

variables 



Statistical Descriptions 



29. properly clean, rinse, fill and use a 
buret, pipette, etc. 



Demonstrating Confidence 
and Satisfaction, Considera- 
tion of Consequences 



Differences and Similar- 
ities of Interactions, 
Energy Exchange 



30. light a bunsen burner and adjust the 
flame appropriately to efficiently 
achieve the desired use. 



Demonstrating Confidence 
and Satisfaction, Considera- 
tion of Consequences 



Analyzing 

systems. 

Psycho-motor 

sliills. 

Translating 



Statistical Descriptions, 
Generalized Perceptions 



31. use a mercury barometer to measure 
atmospheric pressure to the nearest 
millimeter of Hg, convert the reading 
to normal units of pressure and cor- 
rectly describe a rationale for accept- 
ing this length of a column of Hg as 
a measure of atmospheric pressure. 



Search for Data and their 
Meaning, Respect for Logic, 
Valuing Scientific Heritage 



Translating 



Statistical Descriptions 



32. 



demonstrate a safe and appropriately 
accurate procedure for preparing a 
prescribed volume of a specific con- 
centration of a solution from a stock 
solution of an acid or base. 



Demonstrating Confidence 
and Satisfaction, Considera- 
tion of Consequences 
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Pr(K‘(*ssi‘s 


Conci‘i)tuiil Schemes 


OBJKC'Pl VP jS: Dependent upon ability 

and past experience, tlie 
student will: 


Values and Altitudes 


TninnUifin^ 


S tatistical Description s 


33. 


prc’pare a solution of .specified 
voluni(‘ and eoneentralion from a 
solid. 


DeiiKMistrating C'onfidenee 
and Satisfaetion, (’onsidera- 
tion of (\)nsequen(‘(‘s. 


lyansladuff 


Science and ‘iVchnologx- 


34. 


con.stmet an electrical circuit con- 
sisting of a power supply (or chemi- 
cal cell) a switch, a resistance (or 
chemical cell), a volt meter and an 
ammeter and determine the voltage 
and current in the circuit. 


Denion.strat ing Confidence 
and Satisfaction, (Considera- 
tion of Consequences 


Classifying, 
Observing and 
()Uu*rs 


Differences and Similar' 
Hies of Objects, 

(k* ne r a ! i /x» d Pe rc cp t i ( > ns 


35. 


identify those observations that are 
nece.s.sary and suffieient to identify 
an object or class of objects 
uniquely. 


Search for Data and their 
Meaning, Dcspect for Logic, 
Consideration of Premises, 
De 111 0 n.st rat i n g ("o n f i de nee 
and Sati.sfaetion 


Interpreting 

data 


S ta t is t ica 1 Dese rip tions. 
Differences and Similar- 
ities of Objects, Gener- 
alized Perceptions 


36. 


find the density of a given .sample 
of a solid, liquid or gas. 


Search for Data and their 
Meaning 


Defining 

operationally 


Differences and Similar' 
Hies of Objects, 

Stat is t ical Descrip tions. 
Generalized Perceptions 


37. 


describe properties (e,g. density, 
melting point, boiling point, heat of 
fusion, heat of vaporization, specific 
heat, solubility) that may provide in- 
formation on which the identity of 
a substance may be based. 


Search for Data and their 
Meaning, Consideration of 
Premises, Demonstrating 
Confidence and Satisfaction 


Defining 

operationally. 

Testing 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Fundamental 
Structures 


38. 


describe a test which would help de- 
termine whether a sample of a ma- 
terial that appears to be uniform in 
composition is a single substance (a 
free element or compound) or a mix- 
ture. 


Search for Data and their 
Meaning, Demand for 
Verification 


Communicating 


Differences and Similar- 
ities of Objects^ Differ- 
ences and Similarities of 
Interactions, Statistical 
Descriptions, Generalized 
Perceptions 


39. 


use a standard reference to locate 
information such as: (a) the density 
of an element or compound, (c) tlie 
specific heat of an element or com- 
pound, (d) the heat of formation of 
a compound and (e) the vapor pres- 
sure of water as a function of tem- 
perature. 


Valuing Scientific Heritage 
Demonstrating Confidence 
and Satisfaction 


Simulating, 

Communicating 


Generalized Perceptions, 
Fundamental Structures, 
Statistical Descriptions 


40, 


write the correct formula from the 
name of any compound commonly 
used in the course. 


Demonstrating Confidence 
and Satisfaction, Search for 
Data and their Meaning, 
Valuing Scientific Heritage 


Translating, 

Communicating 


Generalized Perceptions, 
Fundamental Structures, 
Statistical Descriptions 


41. 


translate a chemical equation into an 
ordinar>^ English sentence- 


Demonstrating Confidence 
and Satisfaction, Search for 
Data and their Meaning, 
Valuing Scientific Heritage 


lYanslating, 

Interpreting 

data. 

Communicating 


Generalized Perceptions, 
Fundamental Stuctures, 
Statistical Descriptions 


42, 


translate a word description of a 
chemical reaction into a chemical 
equation. 


Demonstrating Confidence 
and Satisfaction, Search for 
Data and their Meaning, 
Valuing Scientific Heritage 



H. S. Gen.— 4 



Processes 


Conceptual 


OBJFCTiVEilS: Dependent upon ability 

and past experience, the 
student will: 


\'’alues and Attitude.s 


Inlcrpmiing 
data. Commu- 
nicating 


.S la tis t i ca t Dose rip lions 


43. 


construct a table of data from a 
graph of the data. 


Search for Data and their 
Meaning 


Manipulating 
variables, 
Jnlcrpreling 
da la 


S la t w Heat Descrip lions. 
Generalized Perceptions 


44. 


from e.xperimental data for some 
variable which is a function of an- 
other variable, establish a suitable 
scale, locate points on a graph for 
eacli ordered pair and draw a “best 
fit” curve for tlie data. 


Search for Data and their 
Meaning, Respect for Logic. 
Consideration of Premi.ses 


Assiinilaling, 

CoinmunieaUng 


Statistical Descriptions, 
Generalized Perceptions, 
Differences and Similar- 
ities of Interactions 


45. 


construct a short word statement to 
describe what a table or graph com- 
municates about the responses of one 
variable to the manipulated variable. 


Demonstrating Confidence 
and Satisfaction, Search 
for Data and their Meaning 


Formulating 

statistical 

models, 

Communicating 


Statistical Descriptions, 
Generalized Perceptions, 
Differences and Similar- 
ities of Interactions 


46. 


construct a mathematical statement 
to describe what a straight line 
graph communicates 


Respect for Logic, Search for 
Data and their Meaning 


Pi’edicting 


Slat is Heal Descriptions, 
Generalized Perceptions, 
Differences and Similar- 
ities of Interactions 


47. 


apply rules for interpolation or ex- 
trapolation to predict from a graph. 


Respect for Logic, 
Consideration of Premises, 
Search for Data and their 
Meaning 


Interpreting 
data. Commu- 
nicating 


Statistical Descriptions, 
Generalized Perceptions 


48. 


construct a frequency distribution 
for a set of observations. 


Respect for Logic, Search for 
Data and their Meaning 


Inferring, 

Observing 


Generalized Perceptions, 
Science and Society 


49. 


distinguish between observations and 
inferences from a list containing ex- 
amples of both. 


Consideration of Premises, 
Demand for Verification 


Inferring 


Generalized Perceptions 


50. 


construct inferences that are consis- 
tent with the data obtained by indir- 
ect measurement or observation. 


Consideration of Premises, 
Questioning of All Things, 
Longing to Know and Under- 
stand 


Analyzing 

systems. 

Inferring 


Generalized Perceptions, 
Science and Society 


51, 


distinguish between inferences that 
account for all observations and in- 
ferences that do not. 


Consideration of Premises, 
Questioning of All Things 


Recognizing 

variables 


Generalized Perceptions, 
Siaiistical Descriptions 


52. 


identify and name the variable that 
should be held constant, the one 
that should be manipulated and the 
one that will respond to that manip- 
ulation in a test of an hypothesis. 


Search for Data and their 
Meaning, Respect for Logic, 
Consideration of Premises, 


Recognizing 

problems 


Generalized Perceptions 


53. 


identify one or more unexpected 
events (1) in a structured situation, 
(2) in an open or less structured sit- 
uation. 


Questioning of All Things 


Refining 

problems^ 

Typing 

problems 


Generalized Perceptions, 
Science and Society 


51. 


select a problem for study accord- 
ing to the following criteria: (1) the 
utilization of previous findings from 
various sources such as teacher, text, 
research reports, etc. (2) the judg- 
ment of the feasibility of the problem, 
(3) the problem’s interest and value 
to him. 


Longing to Know and Under- 
stand, Questioning of All 
Things, Search for Data and 
Meaning 



H. S. Gen.-5 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Rcfiniuff 

proWc/n.s* 


Generalbed Perceptions 


55. state the problem to be researched 
in researchable terms. 


Search for Data and their 
Meanings Respect for l.ogie. 
Consideration of Premises 


Refining 

lyrohlcnif: 


Generatbed Perceptions 


56. identify the elements of a problem 
on which a hypothesis could be 
based. 


Respect for Logic, Considcra 
tion of Premises 


h’opofiing 
aih^ Wei’S 


Generalbed Perceptions 


57. generate hypotheses ab(nit the eriti- 
cal element in the problem. 


Consideration of Premises^ 
Respect for I.ogic 


Cognitively 

evaluating 

alternatives 


Generalized Perceptions 


58. clarify the statement of the hypoth- 
e.ses to; (1) eliminate duplication, 

(2) determine which hypotheses are 
testable and (3) determine the rele- 
vance of each hypothesis to the prob- 
lem. 


Co nsidc ra tion of Prem ises^ 
Respect for Logk\ Demand 
for Verification 


Designing 

studies 


Generalized Perceptions 


59. plan to test hypotheses on the basis 
of: (1) identifying all the variables 
possible, (2) selecting a variable to 
be studied, (3) establishing a proper 
amtrol, (4) planning for replication, 
(5) planning systematic observation 
of descriptive data, (6) identifying 
sources of error such as measurement, 
computations tools, instrumentation, 
etc. and (7) planning a system for 
processing the data to make it ready 
for interpretation. 


Co ns idera tion of Pre m iscs. 
Search for Data and their 
Meaning 


Performing 

investigations 


Genf'V'alized Perceptions 


60. execute the plan of investigation by 
(1) colle^cting, organizing and analyz- 
ing data, ^2) presenting findings, (3) 
using tools properly, (4) recording 
data accurately indicating the degree 
of uncertainty, (5) reviewing tools 
and procedures used and (6) revising 
procedures where indicated by re- 
sults. 


Search for Data and their 
Meaning, Consideration of 
'Premises, Demand for Verifi- 
cation 


Synthesizing 


Generalbed Perceptions, 


61. interpret data or findings by (1) 


Consideration of Premises, 
Search for Data and their 
Meaning, Demand for Verifi- 
cation, Respect for Logic 


results, Social 
evaluating, 
Affective eval- 
uating 


Science and Society 


Identifying the assumptions he has 
used in the study, (2) employing 
reasonings skills (both deductive and 
inductive), (3) using various means of 
presenting data to bring out different 
features, (4) examining collected data 
to determine its relevance to both the 
problem and the hypothesis at hand 
and to other problems, (5) identify- 
ing conflicts and discrepancies in 
data, (6) drawing tentative conclu- 
sions and (7) avoiding overgenerali- 
zations of the results without unduely 
withholding judgment by restricting 
interpretation to those permissable 
from the data. 




H. S. Gen.'— 6 



Processes 



Conceptual Schemes 



OIUI'CTIVCS: 



Dependent upon ability 
and past experience, the 
student will: 



Val 



ues and Attitudes 



Synthesizing 

results^ 

Cognitively 

evaluating 

alternatives 



Generalized Perceptions, 
Science, and Society 



G2. synthesize knowledge gained from an 
investigation by (1) relating findings 
to various personal interests and to 
the world at large, (2) correlating 
findings and making interpretations 
from several experiments, (3) apply- 
ing knowledge gained to new situa- 
tions, (4) recognizing new problems, 

(5) using theories, theoretical con- 
structs and models as a means of re- 
lating and organizing new knov/ledge, 

(6) recognizing that evidence for or 
against a given theor>’ may be incon- 
clusive, (7) recognizing that a theory 
may or may not be testable at the 
time of formation and (8) recogniz- 
ing that several theories mev be use- 
ful as ea<'h can make its own 
unique <'ontributi^^ to understand- 
ing the problem. 



Demand for Verification^ 
Consideration of C'onsr- 
qurnccs, (Questioning of All 
Things^ Respect for Logic. 
Consideration of Premises 



Cognitively 
evaluating 
alternatives. 
Social evaluat’ 
ing. 

Affective 

evaluating 



Interdependency of Nature, 
Science and Technology, 
Science and Society 



63. discuss the ethical responsibility on 
the part of an industry or a public 
agency and the kind of scientific'in- 
foriTiation that should be supplied to 
the public in order to meet their re- 
sponsibilities for situations such as 
the following: (a) a company plans 
to market a new laundry product, 

(b) a company has applied for a li- 
cense to test a new drug on human 
subjects, (c) a company or public 
utility has purchased land in a wilder- 
ness area for the purpose of con- 
structing a new plant, (d) a company 
has purchased urban property for 
the purpose of constructing a new 
plant, (e) a company plans to market 
a new agricultural product, (f) a com- 
pany plans to market a new packag- 
ing material and (g) there are plans 
to add chemicals to the city water 
supply. 



Consideration of Consequences, 
Developing A Commitment to 
A esthet ics in Na t u re 



Cognitively 
evaluating 
alternatives. 
Social Eval- 
uating, 
Affective 
evaluating 



Interdependency of Nature, 
Science and Technology, 
Science and Society 



64. discuss the ethical responsibility on 
the part of the public and the 
mechanism by which those responsi 
bilitirs can be fulfilled in situations 
such as those described above. 



Consideration of Conse- 
quences, Developing A Com- 
mitment to Aesthetics in Na- 
ture 



Cognitively 
evaluating 
alternatives. 
Social eval- 
uating. 
Affective 
evaluating 



Interdependency of Nature, 
Science and Technology, 
Science and Society 



65. 



evaluate reports of a current social 
issue of the nature suggested above 
to determine whether the industry, 
the public or both have fulfilled their 
respective ethical responsibilities. 



Consideration of Conse- 
quences, Developing A Com- 
mitment to Aesthetics in Na- 
ture 






H. S. Gen.~7 
77 



Processes 



Conceptual Schemes 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



Actinj^ on 
conclusions 



Sricncc and Society 



6G. after (and only after) satisfying the 
above objective, propose a course of 
action that will assure that the ethi* 
cal responsibilities of both industry 
and the public are fulfilled. 



Respect for ()rde»* in Nature 



Synlhcsiziufi 



Science and Society 



67, provide at least one historical example 
to show the influence that scientific 
development has had ni social thought 
and/or action. 



Valuinii Scientific Ilcritaf^c 



Sy nthes:zing 



Science and Society 



68. provide at least one historical example 
to show the influence (either positive 
or negative) that society as a whole 
has had on scientific development. 



Valuing Scientific Heritage 



Character 

building 



Generalized Perceptions, 
Science and TEchnology, 
Science and Society 



69. 



demonstrate a concern or an intellec- 
tual interest in scientific develop- 
ment by any combination of activi- 
ties such as the following: (a) read- 
ing science related books or articles 
which are not required reading, (b) 
participating in science fairs or de- 
velopment of nature trails, (c) visit- 
ing a science museum or science lec- 
ture and (d) applying scientific 
thought to a real problem facing him. 



Longing to Know and Under’ 
stands Valuing Scientific Heri- 
tage, Demand for Verification 
Respect for Logic, Considera- 
tion of Premises 



H. S. Gen.-8 





.^.33- H Higli Scliool Objectives - Biology 



Processes 



Conceptual Schemes 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
studcjit will: 



Values and Attitudes 



Analyzing 

systems 



Analyzing 

systems 



Observing 



Synthesizing, 

Analyzing 

systems 



Synthesizing, 

Analyzing 

systems 



Fundamejital Structures 



Fundamental Structures 



Fundamental Structures, 
Space/Time Reference 



Force Fields, Fundamental 
Structures, Interdepend- 
ency of Nature 



Force Fields, Fundamental 
Structures, Interdepend- 
ency of Nature 



1. Identify by name and function the 
major structures that constitute 
plant cells (cell wall, cell membrane, 
nucleus, chloroplast, vacuole, mito- 
chondria, ribosome, endoplasmic 
reticulum). 

2. identify by name and function the 
major structures that constitute ani- 
mal cells (cell membrane, nucleus, 
vacuoles, mitochondria, ribosomes, 
endoplasmic reticulum, cenlrisome). 

3. prepare a slide of living or preserved 
cells and identify the parts visible 
with both low and high magnifica- 
tion. 

4. relate the structure and function of 
the highly specialized ce.'ls: a. muscle 
cells, b. nerve cells, c. epidermal 
cells in leaves, d. red blood cells, e. 
white blood cells, f. xylem cells, g. 
others as suitable. 

5. describe the functions of various 
tissues such as: a. wet membrane — 
lungs, b. islets of Langerhans — pan- 
creas, c. epidermi:: ^ skin of mammal, 
d. xylem ~ roots, stems, leaves, e. 
meristem ~ ^yiants, f. others as de- 
sired. 



Search for Data and their 
Meaning, Longing to Know 
and Understand, Respect for 
Order in Nature 



Search for Data and (heir 
Meaning, Longing to Know 
and Understand, Respect for 
Order in Nature 



Demand for Verification, 
Demonstrating Confidence and 
" /itisfaction 



Search for Data and their 
Meaning, Respect for Order in 
in Nature 



Search for Data and their 
Meaning, Respect for Logic, 
Respect for Order in Nature 



Syn thesizing. 

Analyzing 

systems 



Fundamental Structures, 
Differences and Similar- 
ities of Objects, Force 
Fields, Interdependency 
of Nature 



6. describe the complementarity of the 
structure and the function of organs 
using examples such as: a. heart — 
circulation of earthworm, grasshop- 
per, and human, b. brain ^ nervous 
system of humans, c. liver — diges- 
tive system of a mammal, d. uterus ^ 
reproduction of humans, e. intestine 

— digestion of earthworm, grasshop- 
per, and human, f. ovary and testes 

— reproduction of frog, fish, birds, 
g. leaf — photosynthesis in produc- 
ers. 



Seaivh for Data and their 
Meaning, Respect for Logic, 
respect for Order in Nature 



Syn thesizing. 

Analyzing 

systems 



Fundamental Structures, 
Differences and Similar- 
ities of Objects, Force 
Fields, Interdependency 
of Nature 



7. 



describe the major parts of various 
systems and relate how these struc- 
tures contribute to the well being of 
the total organism. Use examples such 
as the following: a. roots — corn 
plant, b- circulatory — frog, c. Skele- 
tal — insect, d. skeletal — mammal, 
e. nervous — human, f. endocrine — 
human, g. digestion — cow, h. excre- 
tion — human, i. transport ~ woody 
plant. 



Search for Data and their 
Meaning, Respect for Logic, 
Respect for Order in Nature 



H. S. Bio.-l 
79 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


DcsiRiunfl 

studies. 

Per forming 

investigations, 

Cognitively 

evaluating 

alternatives 


Differenees and Similar- 
ities of Objeets, Differ^ 
enees and Similarities 
of Interactions, Energy 
Exchange 


8. compare and contrast the nutritional 

patterns of organisms using examples 
such as: a. algae cells, b. paramecia, 
c. fungus — mold or toadstool, d. 
earthworm, e. grasshopper, f. tree, 
g. h.an, h. parasitic organisms, i. sym- 
biotic organi.sms. 


Qu cs t io n ing of A It 7 7? ings. 
Search for Data and their 
Meaning 


Formulating 

models. 

Synthesizing, 

Experimenting 


Differences and Similar- 
ities of Interactions, 
Differences and Similar- 
ities of Objects, Energy 
Exchange, Generalized 
Perceptions 


9. identify the major roler, of enzymes 

as they occur in organic reactions. 


Search for Data and their 
Meaning, Respect for Order 
in Nature, Demand for Verif 
cation 


Analyzing 

systems 


Differences and Similar- 
ities of Interactions, 
Energy Exchange, Inter- 
dependency of Nature, 
Generalized Perceptions 


10. describe in a given organism the 

mechanical and chemical processes 
that change food in its large particle 
form to the small particle form that 
is able to diffuse into living cells. 


Questioning of All Things, 
Re.spect for Order in Nature 


Formulating 

models, 

Syn thesizing. 
Experimenting 


Differences and Similar- 
ities of Interactions, 
Matter Conservation, 
Generalized Perceptions, 
Science and Technology 


11. demonstrate, by laboratory proced- 
ures if practical, the control of dif- 
fusion of a material in solution and 
relate this action to life situations 
such as: a. well water contamination, 
b. improper use of fertilizer, c. drink- 
ing sea water, d. alcohol consump- 
tion, e. irrigation in areas where wa- 
ter has been used several times — 
such as Imperial Valley, California. 


Search for Data and their 
Meaning, Consideration of 
Consequenees, Con.sideratioi 
of Premises 


Cognitively 

evaluating 

alternatives. 

Analyzing 

systems. 

Abstracting 


Differences and Similar- 
ities of Objects, Space/ 
Time Reference Frames, 
Generalized Per: eptions 


12, describe supporting and conflicting 
evidence of the hypothesis; the 
larger the size of the mature organism 
the more complex its systems, using 
situations such as: a. circulation in the 
earthworm and a chordate, b. gas ex' 
change processes in the paramecium, 
the insects, and a mammal, c. repro- 
duction of the paramecium and a 
rotifer, d. circulation of transport in 
a sponge and a mouse. 


Demand for Verifieation, 
Questioning of All Things, 
Consideration of Premises 


Designing 

studies. 

Performing 

investigations, 

Syn thesizing 

results 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Constant 
Change, Interdependency 
of Na ture 


13. describe the stimulus-response 
mechanisms in various organisms 
such as: a. paramecia, b, euglena, c. 
planaria, d. earthworm, e, insects, f. 
human. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Designing 

studies. 

Performing 

investigations 


Differences and Similar- 
ities of Interactions, 
Statistical Descriptions, 
Force Fields, Inter- 
dependency of Nature 


14, design and perform a demonstration 
to show the effect of tropisms such 
as: geotropism, hydrotropism, 
heliotropism, etc. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 



H. S. Bio-2 



ERIC 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values atid .Attitudes 


Designing 

sill dies. 

Performing 

inuesiigaiions, 

Synllicsizing 

results, 

Refining 

problems 


Differences and Similar- 
i ties of In tcra ctio ns, 

Stal is Heal Descri plio n s. 
Interdependency of Nature, 
Generalized Perceptions 


15. design, perform, and report the re- 
sults of a controlled experiment to 
demonstrate the effect on living or- 
ganisms of varying amounts of the 
following items such as: water, nitro- 
gen, calcium, phosphorous, light, and 
heat. Use various kinds of plants, 
fruit flies, other insects, or small wa- 
ter animals. 


Search for Data and their 
Meaning, Consideration of 
Consequ(Mice.s. Respect for 
Order of Nature 


Formula ting 
models 


Generalized Perceptions, 
Interdependency of Nature, 
Matter/Energy Conservation, 
Differences and Similar- 
ities of Interactions 


16. relate the role of endocrine secre- 
tions to liomeostasis. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Analyzing 

syslems. 

Synthesizing, 

Experimenting 


Energy Exchange, Energy 
Forms, Differences and 
Similarities of Inter- 
actions 


17. describe these aspects of respiration: 
a. distinguish between aerobic and 
anerobic respiration to the effeciency 
of energy release and the products 
formed, b. relate respiration to 
energy in all living things, c. des- 
cribe the basic chemical changes 
which occur when sugar is burned 
and identify the role of each organ 
or organelle involved. 


Search for Data and their 
Meaning, Re.spect for Order 
in Nature 


Analyzing 

Systems, 

Synthesizing 

or Designing 

studies and 

Performing 

investigations 


Differences and Similar- 
ities of Interactions, 
Differences and Similar- 
ities of Objects, Funda- 
mental Structures, Space/ 
Time Reference Frames, 
Force Fields 


18. describe the action of ciliated or 

flagelleted motion as it occurs in: a. 
single celled organisms, b. sessile wa- 
ter animals, c. special tissues in com- 
plex organisms, e. g. frog epithelium, 
oviduct, trachael epithelium. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Analyzing 
systems. 
Formulating 
models or 
Designing 
studies and 
Performing 
investigations 


Differences and Similar- 
ities of Interactions, 

Fun dame n lal Structures, 
Differences and Similar- 
ities of Objects 


19. describe how movement is achieved 
by muscular contraction in organ- 
isms where action involves internal 
or external skeletons; the action 
against material or opposing muscles 
using examples such as: mammalian 
movement, insect movement, round 
worm or earthworm movement, 
peristalsis. 


Search for Data and their 
Meaning, Demand for Verifi- 
cation, Respect for Order in 
Nature 


Analyzing 
systems or 
Typing 
problems. 
Designing 
studies and 
Synthesizing 
results 


Matter Conservation, 
Differences and Similar- 
ities of Interactions, 
Fundamental Structures 


20. describe the excretion function by 
identifying the material secreted, 
the source of the material, and the 
disposition of the materials in such 
organs as: a. intestines of earthworm, 
insect, and mammals, b. lungs of 
reptiles, birds, and mammals, c. gills 
of fishes, d. kidneys of vertebrates, 
e. nephrons of the earthworm, f. cell 
membrane of the paramecium. 


Search for Data and their 
Meaning, Respect for Order 
in Nature, Consideration of 
Consequences 


Analyzing 

systems 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures, Differ- 
ences and Similarities of 
Interactions, Constant 
Change 


21, identify and contrast the sequence of 
events in the mitosis of plant and 
animal cells. 


Questioning of All Things, 
Respect for Order in Nature, 
Search for Data and their 
Meaning 






o 



H. S. B10.-3 
81 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Designing 

studies, 

Performing 

investigations, 

Itocogni/,ing 

problems, 

'Pyping 

problems, 

Itefining 

problems 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures, Differ- 
en'*es and Similarities of 
Inceractions, Constant 
C 1 la n ge . I n t er d(* pe n d e n c y 
ui Nature 


22. de.scribe and contrast fertilization in 
various organisms such as: a. mold 
(Rhizopus), b. algae (Spirogyria, 
Oedogonium), c. a flowering plant, 

d. a frog (external fertilization), 

e. a mammal (internal fertilization). 


Questioning of All Things, 
Respect for Order in Nature, 
Seiirdi for Data and their 
Meaning 


Designing 

studies. 

Perform ing 

investigations. 

Synthesizing 

results 


Differences and Similar- 
ities of Objects, 
Fundamental Structures, 
Constant Change, Inter- 
dependency of Nature 


23. describe the various processes by 

which asexual reproduction may oc- 
cur and cite examples to illustrate: a. 
fission, b. budding, c. regeneration, 
d. layering, e. fragmentation, f. 
sporulation. 


Questioning of All Things 
Demand for Verification, 
Respect for Order in Nature 


Interpreting 

data 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures, General- 
ized Perceptions 


24. diagram an atom or an ion given the 
appripriate data. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Interpreting 

data 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Fundamental 
Structures, Force Fields, 
Generalized Perceptions 


25. contrast covalent, hydrogen and 
ionic bonding. 


Search for Data and their 
Meaning, Consideration of 
Premises, Respect for Order 
in Nature 


Analyzing 

systems. 

Formulating 

models 


Differences and Similar- 
ities of Interactions, 
Fundamental Structures, 
Action Forces, Inter- 
dependency cf Nature 


26. contrast the ionization and dissocia- 
of ionic and electron sharing com- 
pounds in water solution. 


Search for Data and their 
Mean big. Consideration 
of Premises 


Analyzing 

systems. 

Recognizing 

variables. 

Formulating 

models 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Fundamental 
Structures, Action Forces 


27. relate pH scale to acidity and alka- 
linity. 


Search for Data and their 
Meaning 


Analyzing 

systems. 

Formulating 

models. 

Defining 

operationally 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Fundamental 
Structures 


28. recognize generalized structural form- 
ulas and component parts of com- 
mon chemical substances referred to 
in biology such as: a. amino acids, b. 
proteins, c. fatty acids, d. glycerol, e. 
carbohydrates, f. water, g. carbon 
dioxide, h. molecular oxygen. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Designing 

studies. 

Performing 

Investigations 


Differences and Similar- 
ities of Interactions, 
Action Forces, Inter- 
dependency of Nature 


29. relate the role of the enzymes in a 
total process such as photosynthe- 
sis. 


Search for Data and their 
Meaning, 


Defining 

operationally. 

Classifying 


Fundamental Structures, 
Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


30. identify the three basic structural 
units of nucleic acids: phosphate 
group, sugar group, and base group. 
Compare the structure of DNA and 
RNA. 


Search for Data and their 
Meaning 
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ERIC 



Process 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Altitudes 


Syn^hc^;i^inff, 

Interpreting 

data 


Fundamcn tal S true lures. 
Force Fields, Generalized 
Perceptions 


31. describe, by diagrams or models, 
the process of DNA replication. 


Respect for Order 
in Nature, Re.spect for Logic 


Analyzing 
sy$ tcnifiy 
Fonuuhitinfi 
mode la 


Fundamental Structures, 
Interdependency of Nature, 
Generalized Perceptions 


32. by diagrams or models show how a 
given sequence of amino acids in 
protein synthesis is determinc'd by 
the chromosomes (DNA). 


Respect for Order 
in Nature, Respect for Logic 


Interpreting 

data. 

Formulating 

modeh 


Interdependency of Nature^ 
E n e rgy C on sc rea t ion , 
Matter Conservation, 
Science and Technolog>' 


33. construct a food web diagram that 
illustrates the dependence of the 
high level consumers on the low level 
consumers and producers from a 
given list of organisms found in a 
community. 


Respect for Order in Nature^ 
Search for Data and their 
Meaning, Consideration of 
Consequences 


Analyzing 
aya terns. 
Interpreting 
data 


Energy Exchange, Inter- 
dependency of Nature, 
Energy Conservation, 
Science and TechnoIog>^ 


34. trace the transfer of energ>' from 
one form to another as it moves 
through a series of organisms (food 
chain) starting at the source and 
ending at the final disposal into the 
non-living environment. Use various 
types of habitats such as: a. a temper- 
ate prairie, b. a fresh water lake, c. a 
tundra, d. any other suitable habitat. 


Respect for Order in Nature, 
Search for Data and their 
Meaning, Consideration of 
Consequences 


Formulating 

models. 

Analyzing 

systems, 

Synthesizing 


Energy Exchange, Inter- 
dependency of Nature, 
Energy Conservation, 
Generalized Perceptions, 
Force Fields, Science and 
Technology, Matter 
Conservation 


35. describe the carbon-oxygen-hydro- 
gen cycle as it occurs in the bio- 
sphere by relating the role of the 
the various components materials 
and processes such as: a. the series 
of events in photosynthesis which 
lead to capturing energy, b. green 
plants, c. animals, d. the series of 
events in respiration that release 
energy from food, e. conservation of 
energy in the cycle. 


Search for Data and their 
Meaning, Demand for 
Verification, Consideration 
of Consequences 


Analyzing 

systems. 

Formulating 

models 


Interdependency of Nature, 
Matter Conservation, Force 
Fields, Science and Tech- 
nology 


36. relate the benefits each of the fol- 
lowing groups of organisms give to 
their communities as they perform 
the functions by which they main- 
tain themselves: a. producers, b. 
consumers ~ primary and secondary, 
c. decomposers 


Respect for Order In Nature, 
Consideration of Conse- 
quences, Search for Data and 
their Meaning 


Formulating 
Statistical 
Models, 
Interpreting 
data or 
Designing 
studies, 
Performing 
investigations, 
Affective and 
Social Eval- 
uating 


Statistical Descriptions, 
Matter/Energy Conservation, 
Interdependency of Nature 


37. relate the bio-mass aspect of the 
food pyramid to conservation of 
energy as materials are passed from 
the lower trophic levels to the higher 
levels of the pyramid. 


Consideration of Premises, 
Consideration of Conse- 
quences, Search for Data and 
their Meaning 
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Processes 


Conceptual Schemes 


OBJICCTIVES: Dopono'ont upon ability 

and past oxporionco, the 
student vinll: 


Valuo.s and Attitudes 


Dcfinhi}^ 
operationally, 
Analy/.lng 
s>’s terns 


Interdependency of Nature, 
Constant Change 


38. working from a prepared diagram, 
describe the nitrogen cycle as it oc- 
curs in his own words using cor- 
rectly the terms: nitrifying, denitri- 
fying, fixing nitrogen, nitrate, am- 
monia, bacteria, animal wastes, and 
decomposers. 


Denumstta ting Confidence 
and Satisfaction 


A nalyzing 
ays Ictus, 
Synthesizing, 
Interpreting 
data 


Constant Change, Inter- 
dependency of Nature, 
Science and Technology 


39. describe, by words or diagran^..^^, the 
process of succession as it occurs in 
in the following situations: 
a. d sandy lake shore, b. a fallen tree, 
c. an abandoned field, d. a small 
pond, e. a salt or fresh water marsh, 
f. a coral lagoon, g. artificial harbors 
and breakwaters, h. lakes behind 
dams, i. any suitable local area. 


Ilcspcct for Order in Nature, 
Search for Data and their 
Meaning 


Cognitively 

evaluating 

alternatives, 

Analyzing 

systems or 

Designing 

studies, 

Performing 

investigations, 

Synthesizing 

results, 

Affective and 

Social 

Evaluating 


Interdependency of Nature, 
Science and Technology, 
Science and Society, 

Force Fields 


40. describe the buildup of materials in 
habitats disturbed by man which 
may have detrimental effect upon 
the individuals of the ecosystem as 
a whole; in each case identify the 
manner in which the material may 
be harmful and contrast with eco- 
nomic and social values of contin- 
ued usage. i.e. mercury , disposable 
containers, etc. 


Consideration of Conse- 
quences, Consideration of 
Premises, Developing A Com- 
mitment to Aesthetics in Na- 
ture 


Formulating 

models. 

Analyzing 

systems 


Interdependency of Nature, 
and many others 


41. discuss the implications of the hy- 
pothesis, “The biosphere, as it oc- 
curs on earth, is a single macro- 
organism”. 


Developing a Commitment to 
to Aesthetics in Nature, Con- 
sideration of Premises, Consid- 
eration of Consequences 


Classifying, 

Equating 


Differences and Similar- 
ities of Objects, Space/ 
Time Reference Frames 


42. by personal observation and investi- 
gation, identify a given number of 
organisms of a designated local eco- 
system (some suggested ecosystems 
are: a. the back yard, b. the vacant 
lot in the neighborhood, c. the 
aquarium in the school room, d. the 
herbarium in the school room, e. any 
city park). 


Demonstrating Confidence 
and Satisfaction 


Synthesizing 
results. 
Designing 
studies. Per- 
forming 
Investigations 


Interdependency of Nature, 
Matter/Energy Conservation, 
Energy Conservation, 

Science and Technology 


43. construct a study to investigate the 
effects of competition for water, 
light, and nutrients on the charac- 
teristics and distribution of organ- 
isms in a biome and generalize these 
results to explain the distribution of 
organisms in various biomes. 


Search for Data and their 
Meaning, Consideration of 
Consequences, Respect for 
Logic 


Classifying, 

Interpreting 

data 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions, Interdependency 
of Nature 


44. distinguish between heterotrophs 

and autotrophs by superficial exami- 
nation of specimens of the organ- 
isms. 


Search for Data and their 
Meaning, Demonstrating Con- 
fidence and Satisfaction 



H. S. Bio-6 
84 



Processes 


Conceptual Schemes 


OBJhXTIVFS: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Classify iiifi. 
Observing 


Differences and Similar- 
ities of Objects 


4b. identify by microscopic examination 
of suitable specimens; a. bacterial 
colonies, b. mold, c. algae, d. proto- 
zoans, e. any suitable item. 


Search for Data and their 
Mcanitfg. Demonstrating (>)n- 
fidenee and Satisfaction 


Dcfininf^ 
opera lionally, 
hitcrprcUffg 
data 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions 


46. describe the general features of the 
classification system generally used 
by biologists such as: a. binomial 
nomenclature, b. major kingdoms of 
living organisms, c. subdivisions — 
phyla, genera, species. 


Search for Data and their 
Meaning, Demonstrating Con- 
fidence and Satisfaction 


Classifying 


Differences and Similar- 
ities of Objects 


47. classify given organisms, both plant 
and animal, into their corrent phyla 
with the aid of appropriate keys. 


Search for Data and their 
Meaning, Demonstrating Con- 
fidence and Satisfaction 


Classify if ig 


Differences and Similar- 
ities of Objects 


48. classify, with a key, complete plant 
specimens into the following cate- 
gories: a. monocotyledon, b. dicoty- 
ledon, c. gymnosperms, d. fungus, e. 
bryophytes, f. ferns 


Search for Data and their 
Meaning, Demonstrating Con- 
fidence and Satisfaction 


Analyzing 

syslctns, 

Synlficsizing 

or Designing 

studies, 

Performing 

investigations, 

Synthesizing 

results 


Fundamental S tru c lure s. 
Constant Change, Force 
Fields 


49. relate meiosis to: a. the prediction 
of variation of characteristics in off- 
spring, b. Mendel’s laws of segrega- 
tion and independent assortment. 


Search for Data and their 
Meaning, Consideration of 
PremLses 


Formulating 

statistical 

models 


Statistical Descriptions, 
Differences and Similar- 
ities of Interactions, 
Force Fields 


50. describe, by diagrams or mathema- 
tical procedures, the elements of in- 
herited characters as they occur in: 
a. complete dominance, b. co-domi- 
nance, c. linkage of characters, d. 
sex linkage, e. multiple alleles, f. 
genes in gene pools (Hardy-Weinberg) 


Search for Data and their 
Meaning, Questioning of All 
Things 


Cognitively 

evaluating 

alternatives. 

Analyzing 

systems 


Generalized Perceptions, 
Constant Change 


51. state the major parts of Darwin’s 
Theory of Natural Selection; cite 
evidence for and indicate the flaws 
in each part. 


Developing a Commitment to 
Aesthetics in Nature, Search 
for Data and their Meaning, 
Consideration of Premises, 
Demand for Verification 


Analyzing 

systems 


Differences and Similar- 
ities of Interactions, 
Interdependency of Nature, 
Constant Change, General- 
ized Perceptions 


52. cite examples of adaptation by or- 
ganisms to their peculiar environment; 
distinguish between Creative, Dar- 
winian, and Lamarckian adaptation. 


Developing a Commitment to 
Aesthetics in Nature, Search 
for Data and their Meaning, 
Questioning of All Things, 
Demand for Verification 


Designing 

studies. 

Performing 

Investigations, 

Synthesizing 

results 


Interdependency of Nature, 
Matter/Energy Conservation, 
Science and Technology, 
Science and Society 


53. predict the adaptations that may be 
initiated in various organisms that 
survive a changing environment. 


Consideration of Conse- 
quences, Developing A Com- 
mitment to Aesthetics in Na- 
ture 



V ^ 
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Proce.s.ses 


Conceptual Schemes 


Analyzing 


Interdependency of Nature, 


systems. 


Energy Exchange, Energy 


Synthesizing 


Conservation, Matter 


or Designing 

studies. Per' 

forming 

Investigations, 

Synthesizing 

results. Social 

Evaluating 


Conservation 


Interpreting 


Statistical Descrip lions. 


data. 

Synthesizing 


Generalized Perceptions 
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OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



54. describe the relationships between 
the following items as they occur in 
various organisms: number of off- 
spring, amount of parental care, sur- 
vival rate, their position in the food 
web of their community. Cite exam- 
ples to illu.strate the relation.ships. 



Search for Data and (heir 
Meaning, Consideration of 
Consequences, Developing A 
Commitment to Aesthetics in 
Nature 



55. 



given data from suitable observations 
of plant growth at various tempera- 
tures, plot the data and generalize 
from its analysis the optimum tem- 
perature range for the growth of that 
organism. 



Search for Data and their 
Meaning, Respect for Order 
in Nature 



u 
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High School OI)jectives Chemistry 



NO I L: In this sot of objectives the word “reaction” is used to refer to student observed and or nianipuiated chemical systems whih* “equa* 
tion” refers to system that may be only discussed. 



Proce.s.ses 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Recognizing 
variables, 
Classifying 
or Designing 
studies 


Differences and Similar- 
ities of Objects 


1 . group the substances in a collection 

of samples of materials and describe 
the basis for the grouping. 


Longing to Know and Under- 
stand, Search for Data and their 
Meaning, Demonstrating Con- 
fidence and Satisfaction 


Experimenting 
or Designing 
studies 


Differences and Similar- 
ities of Objects 


2. describe a procedure that could be 

used to classify a sample of a ma- 
terial as an element, a compound or 
a mixture. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Manipulating 

variables, 

Classifying 


Differences and Similar- 
ities of Objects, Funda- 
mental Structures 


3. describe at least one test that would 

help determine whether a sample that 
appears to be pure consists of one 
element or more than one element. 


Search for Data and their 
Meaning 


Formulating 

statistical 

models. 

Translating 


Energy Exchange, Energy 
Conservation, Statistical 
Descriptions, Differences 
and Similarities of Inter- 
actions 


4. calculate the value of the fourth 

item, from data provided or col- 
lected for any three of the follow- 
ing: (a) the thermal energy (heat 
transferred to or from) of a sub- 
stance, (b) the mass of the substance, 
(c) the heat capacity of the sub- 
stance and (d) the temperature 
change of the substance. 


Search for Data and their 
Meaning, Respect for Logic, 
Respect for Order in Nature 


Designing 

studies. 

Performing 

investigations 


Differences and Similar- 
ities of Objects, 
Statistical Descriptions 


5. identify a particular substance from 

a list of common chemicals by using 
a handbook to find characteristic 
properties of the chemicals. 


Search for Data and their 
Meaning, Questioning of All 
Things 


Psycho-motor 

skills. 

Assimilating, 

Measuring 


Differences and Similar- 
ities of Interactions, 
Statistical Descriptions 


6. quantitatively separate a solid from 

liquid by filtration. 


Demonstrating Confidence 
and Satisfaction 


Psycho-motor 

skills. 

Assimilating, 

Measuring 


Differences and Similar- 
ities of Interactions, 
Statistical Descriptions 


7. quantitatively separate a dissolved 

solid from a liquid by evaporation 
without decomposition of the solid. 


Demonstrating Confidence 
and Satisfaction 


Manipulating 

variables. 

Communicating 


Statistical Descriptions 


8. construct a heating curve and/or 

cooling curve for a given substance 
from data collected in the labora- 
tory. 


Search for Data and their 
Meaning, Demonstrating Con- 
fidence and Satisfaction* 


Abstracting, 

Formulating 

Hypotheses, 

or Formulating 

models. 

Interpreting 

data 


Generalized Perceptions, 
Findamental Structures, 
Energy Exchange, Energy 
Forms, Energy Conservation 


9. infer the microscopic changes that oc- 

cur at each inflection point and along 
the curve connecting the inflection 
points on a time-temperature plot for 
a pure substance. 


Longing to Know and Unaer- 
stand. Consideration of 
Premises, Search for Data 
and their Meaning 


Translating, 

Interpreting 

data 


Fundamental Structures, 
Statistical Descriptions, 
Generalized Perceptions 


10. name the elements represented, the 
number of the atoms of each ele- 
ment, and the mass of each element 
in one mole of the compound from 
the formula for any given compound. 


Valuing Scientific Heritage, 
Demonstrating Confidence 
and Satisfaction 



H. S. Chem.— 1 
87 




Procossos 


Conceptual Schemes 


OHJFCTIVES: Dependent upon ability 

and past experience thc' 
student will: 


Values and .Attitude's 


}\'V funning: 
iinrsl{f:al lulls 


Matter Conservation 


1 1 . collect evidence in support of the 
Law of Conservation of Mass in 
chemical reactions. 


Demand for Verification. 
KespecI for Ordc'r in Nature. 


'lYanslaliiif! 


S la 1 is 1 ical Desc rip lions, 
G cncra lized Pereep lions 


12. calculate the molecular (formula) 

weight of a compound for which the 
formula is given. 


Demunstrat ing C'onfideiu'o 
and Satisfaction 


Performing 
invest iga( ions, 
‘rranslatiiig 


S to t is Heal Desc ri p lions 


13. collect experimental data and ealcu' 
late the empirical formula of a coni' 
pound. 


Search for Data and their 
Domon.st rating 
Confidence and Satisfaction 


Analysing 

systems 


General ized Pereep lions, 
S ta t is tic at Description s, 
Matter Conservation 


14. write an equation to describe a chenii* 
cal system that he has observed. 


Hcspecl for Logie* 


Don slating 


Generalized Perceptions 


15. construct the chemical .system des* 
cribed by an equation. 


Demonstrating confidence 
imd Satisfaction 


Simulating. 

Analyzing 

systems 


Matter Coiiservalion, 

S la lis 1 ical Dc script ions 


16. write a balanced chemical equation 
for a reaction involving no more 
than three reactants or products 
when given the formulas for the re* 
actants and the product of the reac* 
tion. 


Respect for Logic 


Dxmsiating, 

Interproting 

dala 


Matter Conservation, 
Statistical Descriptions 


17. calculate the mass, moles, mole* 
cules or atoms for any reactant or 
product in a reaction from the 
chemical equation for the reaction 
and the corresponding mass, nuni' 
ber of moles, number of molecules, 
or number of atoms for any other 
reactant or product. 


Respect for Logic, Search 
for Data and their Meaning 


Dvnslating 


Matter Conservation, 
Statistical Description 


18. calculate mass, moles or volume of 
any of the gaseous products or reac- 
tants from the equation for the re- 
action and the corresponding mass, 
moles or volume of any of the other 
reactants or products. 


Respect for Logic, Considera- 
tion of Itemises, Search for 
Data and their Meaning 


Psychonnotor 

shills, 

Assimilating, 

Measuring 


Statist ical Descriptions 


19. do successive titration of three equal 
samples of standardized dilution 
which agree within the limits of the 
uncertainty of measurements of the 
aparatus used. 


Demonstrating Confidence 
and Satisfaction 


Dvn slating 


Generalized Perceptions, 
Statistical Descriptions, 
Fundamental Structures 


20. for a given sample of a compound 
(or the mass of a sample) calculate 
any of the following from its cor- 
rect formula: (a) the number of moles 
of the compound in the sample, (b) 
the number of moles of any one ele- 
ment in the sample, (c) the number 
of molecules (formula units) in the 
sample or (d) the number of atoms 
of any one element in the sample. 


Search for Data and their 
Meaning, Respect for Logic, 
Consideration of Premises 
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Pioeosses 


Conceptual Sehenies 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


'rranslating 


Generalized Perceptions. 
Sta(is(ical Descriptions 


21 . calculate for a gaseous sample the 
value of the fourth item from data 
for three of the following: (a) the 
number of moles (or mass) in the 
sample, (b) the pressure of gas in the 
siunple, (e) the volume of the s<unpl(\ 
(d) the temperature of the sample. 


Search for Data and their 
Meaning^ Itesped for Logie 


lYanslatinff, 
A ha true ting 


Generalized Perceptions. 
Differences and Similar- 
ities of Interactions 


22, describe in qualitative terms how 
Kinetic I'heory accounts for: (a) 
differences in gases and liquids, (b) 
pressure of a gas, (c) evaporation, 
(d) differenee in diffusion rates for 
gases and liquids, (o) the ordinary 
observation that the boiling point 
increases with molecular weight, (f) 
the relationship between the rate of 
diffusion and molecular \veight. 


Consideration of Premises 


Analy::ing 

systems. 

Cognitively 

evaluating 

alternatives 


Generalized Perceptions 


23. identify those assumptions of the 
Kinetic Theory that arc not true of 
:'eal gases and describe at least one 
false prediction that could be made 
based on the theory because these 
assumptions are overgeneralizations. 


Questioning of All Things 


Formulating 

models. 

Abstracting 


GcncraUzed Perceptions, 
Ihmdamental Structures, 
Energy Exchange, Energy 
Forms, Energy' Conserva- 
tion 


24. describe qualitatively what occurs 
during the phase change from a solid 
to a liquid in terms of (a) energy, 

(b) temperature, (c) distance between 
particles, (d) arrangement of parti- 
cles and (e) motion of particles. 


Longing to Know and Unde 
stand. Consideration of 
Premises, Search for Data 
and their Meaning 


Translating 


Energy Exchange, Energy 
Forms, Energy' Consen^a- 
tifip. 


25. calculate the change in energy when 
a given substance at a given temper- 
ature is changed to some new tem- 
perature in anotiier phase when given 
the specific heat of the substance in 
each phase, the heat of vaporization, 
and the heat of fusion of the sub- 
stance. 


Search for Data and their 
Meaning 


Interpreting 

data 


Fundamental Structures, 
Force Fields 


26. describe experimental evidence to 
support the concept that atoms con- 
tain subparticles that possess electri- 
cal charge. 


Search for Data and their 
Meaning 


Formulating 

statistical 

models, 

translating. 

Analyzing 

systems 


Generalized Perceptions, 
Fundamental Structures, 
Differences and Similar- 
ities of Interactions, 
Statistical Descriptions 


27. assign oxidation numbers to each 
element in a compound or radical. 


Longing to Know and Unde 
stand. Respect for Order in 
Nature 


Experimenting 


Fundamental Structures, 
Statistical Descriptions 


28. demonstrate a procedure for finding 
the approximate size of molecules 
and atoms. 


Search for Data and their 
Meaning 
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Processes 


Conceptual Schemes 


OHJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Interpreting 

data. 

Defining 

Operationally, 

Classifying 


Differences and Similar^ 
itics of lnteractio?}s. 
Matter Conservation, 
Generalized Fere options 


29. identify from a list of chemical 
equations those which represent 
oxidation-reduction (redox) reac- 
tions. 


Search for Data and their 
Meaning 


A nalyzing 

systems. 

Defining 

operationally, 

Classifying 


Differences and Similar^ 
ities of Interactions, 
Generalized Perceptions 


30. for any reaction involving oxidation 
and reduction, identify the reactant 
that is oxidized, the reactant that is 
reduced, the product of the oxida- 
tion and the product of the reduc- 
tion. 


Search for Data and their 
Meaning 


Experimenting, 

A nalyzing 
systems. 

Interpreting 

data 

1 


Action Forces, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


31. after conducting an investigation us- 
ing lab equipment, strips of various 
metals and aqueous solutions of cor- 
responding metal ions: (a) write 
equations for the half reactions which 
occur when any of the metal strips 
are placed in any solution containing 
one of these ions and (b) order the 
resulting half reactions in decreasing 
order of ease of oxidation. 


Longing to Know and Undo 
stand. Respect for Logic, 
Valuing Scientific Heritage 


Translating 


Differences and Similar- 
ities of Interactions, 

Ac don Forces, Energy 
Exchange, Force Fields, 
Energy Forms 


32. design and demonstrate a procedure 
for obtaining electricity from a 
chemical system using two metals and 
aqueous solutions of their salts. 


Respect for Logi< , Considen 
tion of Consequences 


Translating 


Energy forms 


33. construct a safe and adequate elec- 
tric circuit for measuring the electri- 
cal variables of various combinations 
of half-cell reactions. 


Demonstrating Confidence 
and Satisfaction 


Performing 

investigations 


Generalized Perceptions, 
Energy Forms, Energy 
Exchange, Differences 
and Similarities of Inter- 
actions 


34. select any metal/metal ion half-cell 
as a standard; and measure the po- 
tential of at least two other mei.al/ 
metal ion half-cells relative to the 
chosen standard 


Search for Data and their 
Meaning, Consideration of 
Premises, Respect for Logic, 
Valuing Scientific Heritage 


Analyzing 

systems. 

Measuring 


Differences and Similar- 
ities of Interactions, 

Force Fields, i4c//on 
Forces, Energy Exchange, 
Energy Forms, Energy 
Conservation, Matter/ 
Energy Conservation 


35. describe the process occurring in a 
given electrochemical cell by: (a) 
writing the equation(s) for the ex- 
pected reaction(s), (b) indicating the 
direction of electron flow in the ex- 
ternal circuit, (c) indicating the ion 
movement in the solution and (d) 
demonstrating the procedure for 
measuring the electrical potential of 
the cell. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Formulating 

Hypotheses 


Matter/Energy Conserva- 
tion, Generalized Percep- 
tions 


36. describe the relationship between 
cell potential and/or Gibbs free en- 
ergy and the possibility of a spon- 
taneous reaction occurring in a given 
electrochemical cell. 


Search for Data and their 
Meaning, Consideration of 
Premises 



o 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


lYanslating, 
Social Evalu- 
ating 


Science and Society, 
Interdependency of Na- 
ture, Science and Tech- 
nology 


37. 


list examples and reactions involving 
oxidation and reduction that are 
necessary for human existence and/or 
physical comfort. 


Consideration of Conse- 
quences, Respect for 
Order in Nature 


Translating, 

Social 

evaluating 


Science and Society. 
Interdependency of 
Nature, Science and 
Technology 


38. 


list examples of reactions involving 
oxidation and reduction that are 
detrimental for human existence and/ 
or physical comfort. 


Consideration of Con.se- 
qucnces. Respect for 
Order in Nature 


Designing 

studies, 

Performing 

investigations 


Constant Change, Action 
Forces, Science and Tech- 
nology 


39. 


conduct an investigation to determine 
those conditions that affect the rate 
of oxidation of some material (e.g. 
iron or paper). 


Search for Data and their 
Meaning 


Synthesizing 

results, 

Cognitively 

evaluating 

alternatives 


Interdependency of Nature, 
Science and Technology, 
Science and Society 


40. 


use the results of the investigation to 
propose a procedure for eliminating 
(or slowing) some oxidation such as 
the rusting of water pipes and/or for 
inducing (or speeding up) oxidation 
such as the rusting of metal cans. 


Consideration of Conse- 
quences, Respect for Order 
in Nature 


Defining 

operationally. 

Classifying 


Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


41. 


construct an operational definition of 
acids and bases, use 't to classify com- 
mon substances found in the home. 


Search for Data and their 
Meaning 


Abstracting 


Generalized Perceptions, 
Differences and Similar- 
ities of Interactions, 
Fundamental Structures 


42. 


identify, from a list of equations for 
simple chemical reaction, those sub- 
stances (reactants or products) that 
would be considered acids as defined 
by: (a) Arrhenius, (b) Bronsted and 
Lowery. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Experimenting, 

Analyzing 

systems 


Differences and Similar- 
ities of Objects, 
Differences and Similar- 
ities of Interactions, 
Fundamental Structures 


43. 


distinguish between concentration of 
an acid and strength of an acid. 


Consideration of Premises, 
Search for Data and their 
Meaning 


Analyzing 

systems, 

Formulating 

models, 

Interpreting 

data 


Differences and Similar- 
ities of Objects, 
Generalized Perceptions, 
Fi iidamental Structures 


44. 


identify properties that are a periodic 
function of the atomic nurnber from a 
list of properties each as: melting 
point, atomic radius, atomic weight, 
density, ionization energy, heat of 
vaporization, etc. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Translating 


Differences and Similar- 
ities of Objects, 
Generalized Perceptions, 
Fundamental Structures, 
Energy Forms, Energy 
Exchange 


45. 


for any of the properties listed, de- 
scribe the trend observed as you move 
across a period or down a column in 
the periodic table, e.g. atomic radius, 
electronegativity, ionization energy, 
etc. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Translating 


Fundamental Structures, 
Generalized Perceptions 


46. 


designate the number of electrons in 
each orbital of an atom or simple ion 
in its ground state. 


Consideration of Premises, 
Respect for Order in Nature 


Synthesizing, 

Formulating 

models 


Generalized Perceptions, 
Fundamental Structures, 
Force Fields, Energy 
Forms 


47. 


describe how the emission of hydro- 
gen provides evidence for the theory 
that the energy of the electron of an 
atom is quantized. 


Valuing Scientific Heritage, 
Search for Data and their 
Meaning, Consideration of 
Premises 
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Pmi'i’ssi's 


Coiu’opluai Sihemes 


OB.nOC'i'lN'KS: Dependent upon ability 

and past experience, the 
student will: 


Values and Atlitiidcs 


Tnmsliitiiif: 


Differeuees and Similar- 
ities of Objects, Funda- 
menial Struelures, 
CltMierall/.ed Poreeptions 


•18. 


identify the chemical family to which 
an atom belongs fi'oni data about tlie 
orbital oeeupanc>‘ of the outer or 
valence electrons. 


Itespeet for Order in Fature 
Denionsl ra( ing ronfideiu e 
and Salisfaclion 


Tninslaliu}: 


Generalized Fereeplions, 
Fundamental S (rue lures 


19. 


write thcilectron configuration for 
an atom in its ground state from its 
atomic number. 


Respect for Order in iXature 
Dcmonslraling C\)iifidcnce 
;md Satisfaclion 


Simulating:, 

("onunu/jicatin^f 


G eneralized Perceptions, 
Difforencos and Similar* 
itios of Inloraotions 


50. 


construct a Dewis (electron-dot) 
structure for any compound given 
its formula and, in complex cases, the 
structural arrangement . 


Respect for Logie 


Formulating: 

slolislical 

models. 

Translating 


Gcmnalized Percept ions. 
Fundamental S (rue lures. 
Statistical Descriptions 


51. 


calculate the number of protons, 
neutrons and electrozis for an atom 
given the atomic number and the mass 
number of the atom. 


Consideration of Prcjuises, 
Kcspcrl for Order ir» Natim' 


Defining 

operationally 


Generalized Perceptions, 
Funda mental St rue lures. 
Statistical Descriptions 


52. 


identify those atoms which are iso- 
topes of the same element given the 
atomic and ma.ss numbers of various 
atoms. 


Consideration of Premises, 
Respect for Order in Nature 


Translating 


S tatistical Descriptions, 
Differences and Similar- 
ities of Objects 


53. 


determine the number of moles and 
the molarity of each species present 
in an ionic solution formed by addiiig 
a known mass of solute to form a 
known volume of solution. 


Respect for Logic, Search 
for Data and their Meaning 


Translating 


Statistical Descriptions, 
Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


54. 


determine the resulting concentration 
of each dissolved species when two 
solutions are mixed. Any p-ecipitation 
and dissociation should be considered 
complete. 


Consideration of Premises, 
Search for Data and their ■ 
Meaning 


Formulating 

models. 

Trazislating 


Generalized Perceptions, 
Differences and Similar- 
ities of Objects, 
Fundamental Structures 


55. 


predict whether two given atoms form 
an ionic, polar or z:on-polar covalent 
bond given values of electronegativity. 


Search for Data and their 
Meaning, Consideration of 
Premises, Respect for Order 
in Nature 


Translating 


Generalized Perceptions, 
Difference^ and Similar- 
ities of Objects, Funda- 
mental Structures, Energy 
Forzns 


56, 


order a list of bonds (e.g. HI, HBr, 
HCl) according to increasing 
polarity. 


Respect foi Logic, Respect 
for Order in Nature 


Translating 


Differences and Shnilar- 
iiies of Objects, Differ- 
ences and Similarities of 
Interactions, Inter- 
dependency of Nature, 
Energy Forms 


57. 


predict the type of bonding for a 
sub.;l^ince from experimental data 
such as solubility, electrical con- 
ductivity (when fused or in solution) 
and melting point. 


Respect for Logic, Respect 
for Order in Nature 


Analyzing 

systems 


Action Forces, Energy 
Exchange, Matter/Energy 
Conservation, Force Fields 


58, 


describe the qualitative effect on the 
rate-of-reaction of a change in 
temperature or concentration. 


Search for Data and iheir 
Meaning 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


allies and .AUitudc.s 


Synthesizing, 

Analyzing 

systems 


Matte r/Fn e rgy Conse ri 'aiion. 
Force Fields, Intcrdepen- 
dene>’ of Nature 


59. predict the change that will result 
in a system at equilibrium when any 
of the following occur: (a) the con* 
centration of one of the components 
is changed, (b) the pressure of the 
system is changed, (c) the thermal 
energy is changed or (d) a catalyst 
is added to tin* system. 


Respect for Logic, Hc.spoct 
for Order in Nature 


A nalyzing 

systems. 

Formulating 

models. 

Defining 

operationally 


Ma t ter/Fncrgy Conservation, 
Generalized Perce p t i o ns 


60. describe the ma.scro.scopic and micro- 
scopic behavior of a system at 
equilibrium. 


Search for Data and their 
Meaning, Consideration of 
Consequences 


Formulating 

statistical 

models 


Generalized Perceptions, 

Ma t ter /Energy Co nserva tion. 
Statistical Descriptio is 


61. write the equilibrium constant 

expression from the equation for a 
reaction. 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage 


Translating 


Statistical Descriptions, 
Generalized Perceptions, 
Matter/Energy Conservation 


62. compute the equilibrium constant 
given the equation, the amount of 
each component at equilibrium and 
the volume of the system. 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage, Demonstrating 
Confidence and Satisfaction 


Translating 


Statistical Descriptions, 
Generalized Perceptions, 
Matter/Energy Conservation 


63. compute the predicted concentration 
of each dissolved species and amount 
of precipitation when two solutions 
are mixed. 


Respect for Logic, Consid- 
eration of Premises 


Tiwislating, 

Interpreting 

data 


Matter/Energy Conservation, 
Matter Conservation, 
Statistical Descriptions, 
Action Forces, Generalized 
Perceptions 


64. from a list of reactions and their 
equilibrium constants, rank the 
reactions in order of decreasing 
concentration of products at equi- 
librium. 


Search for Data and (heir 
Meaning, Respect for Logic, 
Consideration of Premises 


Analyzing 

systems 


Force Fields, Aefion Forces, 
Matter/Energy Conservation 


65. describe how the nature of the 

chemical bonds in a solute relates to 
its solubility in various solvents. 


Search for Data and their 
Meaning, Consideration of 
Consequences, Developing 
A Commitment to Aesthetic 
in Nature 


Formulating 

models 


Science and Technology 


66. construct an inference about the 
various bonds that must exist in a 
substance in order for it to act as an 
emulsifying, cleansing, and/or wetting 
agent. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Cognitively 
evaluating 
alternatives. 
Social 
evaliia ting, 
Affective and 
Social Eval- 
Lia ting 


Science and Technology, 
Science and Society, 
Interdependency of Nature 


67. trace of history of various applica- 
tions of chemicals in the everyday 
activities of home and industry and 
identify various environmental 
problems that have resulted from 
these applications, include in this 
discussion how attempts to correct 
one environmental problem have 
often led to the development of 
another. 


Consideration of Conse- 
quences, Developing A 
Commitment to Aesthetics 
in Nature 



^■1 



-± 



H.S. Chem.-7 
‘)3 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Cognitively 

evaluating 

alternatives. 

Social 

evaluating, 

A [fee five 

evaluating 


Science and Technology, 
Science and Society, 
Energy Exchange 


68. use the detergent, pesticide, packaging 
and/or fertilizer indu.stry to illustrate 
how man’s use of ei?emical knowledge 
to improve his well-being has led to 
other problems for him and identify 
types of data that should be analyzed 
and projected in the future before 
any new product should be marketed 
for mass consumption. 


Consideration of Conse- 
qucnccs. Developing A 
Commitment to Aesthetics 
in Mature 


Synthesizing 


Generalized Perceptions 


69. demonstrate an understanding of 

the long term development of scientific- 
thoughts by tracing the historical 
development of concepts such as; (a) 
atomic theory, (b) kinetic theory, 

(c) law of definite composition (pro- 
portion), (d) periodicity, (e) the mole 
concept and (f) the concept of acid 
and base. 


Valu ing Scient ific Heri tage 


Analyzing 

systems 


Generalized Perceptions 


70. construct a microscopic model consis- 
tent with some hypothetical information 
provided about matter on a distant 
planet. 


Questioning of All Things 


Analyzing 

systems 


Generalized Perceptions 


71. determine if some hypothetical infor- 
mation provided about matter on a 
distant planet is consistent with our 
model of matter (atomic theory). 


Questioning of All Things 


Formulating 

Hypotheses 


Generalized Perceptions 


72. construct a test of a hypothesis about 
a chemical system or phenomenon. 


Longing to Know and Under- 
stand, Respect for Logic 


Refining 

problems 


Generalized Perceptions 


73. describe observations that would 
support a hypothesis and those that 
refute a hypothesis about a chemical 
system or phenomenon. 


Demand for Verification, 
Consideration of Premises 


Synthesizing 

results 


Generalized Perceptions 


74. construct a report of a test of a 

hypothesis about a chemical system 
of phenomenon which: (a) is written 
so that it can be understood by a 
competent reader, (b) provides all 
data which are relevant to the hypo- 
thesis, (c) presents the data in an 
orderly manner and (d) provides rea- 
sonable conclusions based on the 
data reported. 


Considera tlon of Premises, 
Consideration of Conse^ 
quences. Respect for Logic, 
Demand for Verification, 
Search for Data and their 
Meaning 


Formulating 

models 


Fundamental Structures, 
Generalized Perceptions 


75. construct ball and stick models for 
a number of organic compounds; 
some compounds in the list should 
contain double or triple bonds. 


Search for Data and their 
Meaning 


Formulating 

models 


Fundamental Structures, 
Generalized Perceptions 


76. construct ball and stick models of at 
least two compounds which are 
stereoisomers and explain (in terms 
of a model) why these compounds 
have different properties even though 
they have the same formula. 


Search for Data and their 
Meaning 
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Processos 


Conceptual Schemes 


OlWICC'ri VES; I )e pen deni upon ability 

and past experience, the 
student will: 


Values and Attitudes 


JVrforniinjj 

invostigaUons 


Differences^ and Similar- 
itiCsS of Intenietions, 
General iz c d Pervep tions, 
Science and Technology 


77. demonstrate tliat the clieniistry of 
many organic compounds can be 
understood (in large part) by study- 
ing the functional groups in the 
compound through performing a 
number of syntheses such as; (a) 
esterification, (b) saponification, 

(c) limited oxidation of alcohols, 

(d) peptidization and (o) synthetic 
polymerizatiem. 


Longing to Know and 
( ^ndetstand 


Formulalinfi 
mode It; or 
Performing 
invest igaliom; 


Interdependency of Nature, 
Science and Technology, 
Science and Society 


78. identify and describe various ways 
natural chemical processes in the 
living organism may be affected bj' 
the presence of foreign chemical 
substances witlnii the organism. 


, Fcspcct for Order in Nature, 
, Search for Data and their 
, Meaning 


Formulating 

models^ 

A nalyzing 
systems 


Fundamental Structures, 
Matter/Knergy Conservation 


79. write equations to represent nuclear 
transformation resulting in natural 
decay of radioactive materials. 


Search for Data and (heir 
Meaning 


Tt'anslaiing, 

Synthesizing 


Fu n da men tal S true t u res, 

Ma t ter /Energy Conserve tion. 
Generalized Perceptions, 
Action Forces, Force 
Fields 


80. predict from a list of various atoms 
(with atomic number and mass indi- 
cated) those which should have 
nuclear stability and those which 
should not. 


Consideration of Premises 


Synthesizing 


Energy Forms, Energy 
Exchange, Matter/Energy 
Conservation, Science 
and Technology 


81. write equations to represent nuclear 
transformations that are capable of 
sustaining a chain reaction. 


Consideration of Premises, 
Consideration of Conse- 
quences 


Social 

evaluating 


Science and Technology, 
Science and Society 


82. discuss possible applications of 
nuclear transformations including 
factors that must be considered in 
order to judge whether the applica- 
tion is ‘‘useful or useless’’ and “safe 
or dangerous”. 


Consideration of Conse- 
quences 
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3..^3“P High Scliool Objectives - Physics 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Defining 
operationally, 
Using space/ 
lime relation- 
ships 


Space/Time Reference 
Frames, Statistical 
Descriptions, Differ- 
ences and Similarities 
of Interactions 


1. distinguish between distance and 

displacement. 


Search for Data and their 
Meaning 


Translating, 

Interpreting 

data 


Statistical Descriptions, 
Space/Time Reference 
Frames, Differences and 
Similarities of Inter- 
actions 


2. solve selected problems involving 

distance and displacement concepts 
using estimation for the magnitude 
and accepted units for the answers. 


Consideration of Premises, 
Search for Data and their 
Meaning, Deinonstratiiig 
Confidence and Satisfaction 


Analyzing 

systems. 

Defining 

operationally. 

Measuring, or 

Synthesizing 

results. 

Formula a ng 

statistical 

models 


Statistical Descriptions, 
Space/Tinie Reference 
Frames, Differences and 
Similarities of Inter- 
actions 


3. suggest or construct devices to 

measure time intervals. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Synthesizing, 

Analyzing 

systems 


Statistical Descriptions, 
Constant Change, Space/ 
Time Reference Frames, 
Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


4. recognize the probabilistic nature 

of time units. 


Consideration of Premises, 
Demand for Verification 


Abstracting, 

Defining 

operationally. 

Interpreting 

data 


Space/Time Reference 
Frames, Statistical 
Descriptions, General- 
ized Perceptions 


5. combine distance (and displacement) 

intervals with time intervals to derive 
new physical concepts which better 
explain observed phenomena: speed, 
velocity and acceleration. 


Search for Data and their 
Meaning 


Analyzing 

systems. 

Interpreting 

data 


Space/Time Reference 
Frames, Statistical 
Descriptions, General- 
ized Perceptions 


6. distinguish between instantaneous 

and average speed; instantaneous and 
average velocity; and instantaneous 
and average acceleration. 


Consideration of Premises, 
Respect for Logic, Search 
for Data and their Meaning, 
Longing to Know and Unde 
stand 


Interpreting 
data, CommU“ 
nicating 


Statistical Descriptions, 
Space/Time Reference 
Frames 


7. construct graphs of speed vs. time; 

distance vs. time; and acceleration 
vs. time. 


Search for Data and their 
Meaning 


Formulating 

statistical 

models. 

Synthesizing, 

Interpreting 

data 


Statistical Descriptions, 
Space/Time Reference 
Frames, Generalized 
Perceptions 


8. interpret the above graphs using 

areas and slopes as the representation 
of physical quantities. 


Search for Data and their 
Meaning 


Experimenting, 

Analyzing 

systems 


Force Fields, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


9. compare and contrast gravitational 

and inertial mass. 

L 


Longing to Know and Unde 
stand, Search for Data and 
their Meaning 
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Processes 


Conceptual Schemes 


OBJIiCTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Defining 

operationally. 

Synthesizing, 

Experimenting, 

Manipulating 

variables 


Action Forces, Differences 
and Similarities of Inter- 
actions 


10. 


define force in terms of mass and 
acceleration. 


Search for Data and their 
Meaning, Longing to Know 
and Understand, Respect 
for Order in Nature 


Experimenting, 

Analyzing 

systems. 

Defining 

operationally 


Action Forces, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


11. 


identify friction as a force. 


Search for Data and their 
Meaning, Longing to Know 
and Understand, Consid- 
eration of Consequences 


Defining 

operationally. 

Experimenting, 

Synthesizing, 

Manipulating 

variables 


Space/Time Reference 
Frames, Statistical 
Descriptions, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


12. 


define momentum in terms of mass 
and velocity from empirical data. 


Longing to Know and Under- 
stand, Search for Data and 
their Meaning 


Synthesizing, 
or Formulating 
statistical 
models 


Generalized Perceptions, 
Force Fields, Space/Time 
Reference Frames, Differ- 
ences and Similarities of 
Interactions 


13. 


combine the physical quantities of 
force, mass, distance, etc. and relate 
them to the Newtonian synthesis 
(Newton’s three laws of motion and 
universal graviation). 


Respect for Logic, Respect 
for Order in Nature 


Analyzing 

systems. 

Defining 

operationally. 

Manipulating 

variables 


Space/Time Reference 
Frames, Generalized 
Perceptions 


14. 


define and use inertial frames of 
reference in discussing kinematics of 
motion. 


Search for Data and their 
Meaning, Questioning of 
All Things 


Defining 

operationally 


Differences and Similar- 
ities of Interactions 


15. 


list various physical properties as 
scalar or vector quantities. 


Longing to Know and Under- 
stand, Respect for Logic 


Analyzing 

systems. 

Manipulating 

variables 


Differences and Similar- 
ities of In terac tions, 
Statistical Descriptions, 
Generalized Perceptions 


16. 


use defined parameters of heat 
concepts in a like manner as in 
kinematics to solve selected problems. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Experimenting, 

Defining 

operationally, 

Manipulating 

variables 


Statistical Descriptions, 
Energy Exchange, Energy 
Conservation, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


17. 


do quantitative experiments to 
determine: specific heats of solids 
and liquids, heat of fusion, heat of 
vaporization and mechanical equiv- 
alent of heat. 


Search for Data and their 
Meaning, Developing A 
Commitment to Aesthetics 
in Nature 


Measuring, 

Defining 

operationally. 

Recognizing 

variables, 

Manipulating 

variables 


Statistical Descriptions 


18. 


construct and calibrate a thermom- 
eter (use Celsius temperature scale). 


Search for Data and their 
Meaning 


Simulating, 

Measuring 


Statistical Descriptions 


19. 


construct and use a graph of 
Fahrenheit vs. Celsius temperatures. 


Demonstrating Confidence 
and Satisfaction 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Formulating 
mode Is, 

A bs trading. 

Analyzing 

systems, 

Interpreting 

data, 

Manipulating 

variables 


Generalized Perceptions, 
Differences and Similar- 
ities of Interactions, 
Action Forces 


20. formulate microscopic models to 
explain heat transport in fluids and 
solids. 


Search for Data and their 
Meaning, Respect for Logic 


Analyzing 

systems. 

Simulating 


Science and Technology, 
Energy Exchange, Energy 
Forms, Energy Conser- 
vation 


21. design and construct heat exchange 
engines or make rrtodels of them such 
as steam engines or refrigerators. 


Longing to Know and Under- 
stand, Demonstrating 
Confidence and Satisfaction 


A nalyzing 
systems. 
Formulating 
models 


Energy Conservation, 
Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


22. interpret a graph of the Carnot cycle. 


Respect for Logic, Valuing 
Scientific Heritage 


Synthesizing, 

Experimenting, 

Manipulating 

variables 


Energy Conse-'^vation, 
Generalized Perceptions 


23. calculate the mechanical equivalent 
of heat from empirical data he has 
collected. 


Search for Data and their 
Meaning, Demand for 
Verification, Valuing 
Scientific Heritage, 

Respect for Order in Nature 


Formulating 

models. 

Analyzing 

systems. 

Manipulating 

variables 


Generalized Perceptions, 
Differences and Similar- 
ities of Interactions 


24. formulate a model of electricity to 

explain selected electrical phenomena. 


Secich for Data and their 
Meaning 


Translating, 

Manipulating 

variables 


Generalized Perceptions, 
Differences and Similar- 
ities of Interactions 


25. use this model to describe other 
electrical phenomena. 


Respect for Logic 


A nalyzing 

systems. 

Cognitively 

evaluating 

alternatives 


Science and Technology, 
Science and Society, 

Energy Forms, Energy 
Exchange, Interdependency 
of Nature 


26. discuss the monetary value of elec- 
trical energy used in some selected 
segment of society (e.g. the home, 
the community, a given industry) 
and compare the cost of that energy 
with the cost of providing the same 
amount of energy by some other 
means. 


Questioning of All Things, 
Consideration of Conse- 
quences, Search for Data 
and their Meaning 


Analyzing 

systems. 

Manipulating 

variables 


Differences and Similar- 
ities of Interactions, 
Energy Conservation, 
Science and Technology 


27. trace the path of an elementary 

charge through various circuits, i.e.: 
series, parallel and combinations of 
a simple nature. 


Search for Data and their 
Meaning, Respect for Logic 


Formulating 

statistical 

models. 

Defining 

operationally. 

Manipulating 

variables 


Statistical Descriptions, 
Generalized Perceptions 


28. determine the resistance of a number 
of conductors using meters and 
algebra. 


Search for Data and their 
Meaning, Respect for Logic, 
Demand for Verification 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Performing 

Investigations, 

Formulating 

statistical 

models 


Action Forces, Differences 
and Similarities of Inter- 
actions, Interdependency 
of Nature, Generalized 
Perceptions 


29. 


construct current balances to dem- 
onstrate relationships between: cur- 
rent conductors, separation of con- 
ductors, and number of conductors 
when checked against a constant 
force. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Performing 

Investigations, 

Translating 


Force Fields, Statistical 
Descriptions, Generalized 
Perceptions 


30. 


perform an investigation to determine 
the nature of the force field around 
a charged object and solve problems 
using the discovered descriptions of 
this field. 


Search for Data and their 
Meaning, Respect for Logic 


Formulating 

models 


Space /Time Reference 
Frames, Action Forces, 
Generalized Perceptions 


31. 


construct both macroscopic and 
microscopic models for magnetic 
fields to explain various observed 
magnetic phenomena. 


Questioning of All Things, 
Search for Data and their 
Meaning 


Experimenting, 

Synthesizing, 

Translating 


Force Fields, Differences 
and Similarities of Inter- 
actions, Generalized 
Perceptions 


32. 


discover, state, and apply a rule for 
determining the direction of a 
magnetic field around an electric 
current. 


Search for Data and their 
Meaning 


Experimenting 


Differences and Similar- 
ities of Interactions, 
Force Fields, Inter- 
dependency of Nature, 
Generalized Perceptions 


33. 


demonstrate Lenz’ Law. 


Search for Data and their 
Meaning, Respect for Logic, 
Respect for Order in Nature 


Formulating 

models. 

Cognitively 

evaluating 

alternatives 


Generalized Perceptions, 
Force Fields 


34. 


construct various hypotheses to 
explain the earth’s magnetic field and 
other celestial magnetism citing both 
supportive and contrary evidence for 
each. 


Consideration of Premises, 
Search for Data and their 
Meaning 


Translating 


Science and Technology, 
Force Fields, Action 
Forces 


35. 


demonstrate how the forces on 
electric currents in magnetic fields 
are employed in meters and motors. 


Longing to Know and Under 
stand. Demonstrating 
Confidence and Satisfaction 


Experimenting, 

Synthesizing, 

Translating, 

Defining 

operationally 


Energy Conservation, 
Science and Technology, 
Energy Exchange, General- 
ized Perceptions 


36. 


develop from observed phenomena 
an operational definition of EMF 
which can be used to solve various 
electron transport problems. 


Search for Data and their 
Meaning, Respect for Logic, 
Consideration of Premises 


Formulating 

models. 

Simulating, 

Analyzing 

systems 


Energy Exchange, Energy 
Conservation, Science 
and Technology 


37. 


construct a transformer and explain 
its operation in terms of induced 
current and EMF. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Analyzing 

systems. 

Synthesizing 


Fundamental Structures, 
Statistical Descriptions, 
Differences and Similar- 
ities of Objects 


38. 


cite evidence for the theory that 
electric charge exists in discrete units 
and calculate the size of this unit 
from empirical data. 


Search for Data and their 
Meaning, Consideration of 
Premises, Respect for Logic 


Experimenting, 

Synthesizing, 

Analyzing 

systems 


Force Fields, Action 
Forces, Space/Time 
Reference Frames 


39. 


demonstrate or cite evidence for the 
relationship between the force on a 
charged object, its velocity through 
a magnetic field and the strength of 
the field. 


Search for Data and their 
Meaning, Questioning of All 
Things, Consideration of 
Premises 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Altitudes 


Analyzing 

systems, 

Synthesizing 


Fundamental Structures, 
Force Fields, Statistical 
Descriptions 


40. 


describe or demonstrate how the 
mass of a charged particle may be 
determined from data collected 
about its transit of an electric or 
magnetic field. 


Search for Data and their 
Meaning, Consideration of 
Premises 


A nalyzing 
systems 


Force Fields, Matter/ 
Energy Conservation 


41. 


apply the concepts of electric field 
andT^otential difference to explain 
various phenomena involving open 
and closed circuits. 


Search for Data and their 
Meaning, Respect for Logic 


Analyzing 

systems 


Energy Forms, Science 
and Technology 


42. 


identify the kinds of erierg}': me- 
chanical, electrical, thermal, chem- 
ical, and electromagnetic exhitibed 
in complex systems. 


Demonstrating Confidence 
and Satisfaction, Longing 
to Know and Understand 


Analyzing 

systems 


Energy Exchange 


43. 


trace a transfer of energy through a 
cycle involving two or more changes 
in kind from diagrams, pictures, or 
demonstration. 


Demonstrating Confidence 
and Satisfaction 


Formulating 

statistical 

models. 

Synthesizing, 

Defining 

operationally 


Generalized Perceptions, 
Statistical Descriptions, 
Energy Exchange 


44. 


derive an expression for translational 
kinetic energy using mass and velocity. 


Search for Data and their 
Meaning, Respect for Logic 


Analyzing 

systems 


Energy Conservation, 
Statistical Descriptions 


45. 


identify the conservation of me- 
chanical energy principle in systems 
where it is subtly hidden. 


Search for Data and their 
Meaning 


Analyzing 

systems 


Energy Conservation, 
Statistical Descriptions 


46. 


demonstrate energy conservation 
using interactions which involve a 
change in energy forms. 


Search for Data and their 
Meaning 


Translating 


Energy Conservation, 
Statistical Descriptions, 
Generalized Perceptions 


47. 


apply the principle of conservation 
of energy and momentum to predict 
the behavior of objects involved in 
an elastic collision. 


Demand for Verification, 
Respect for Logic 


Experimenting, 

Synthesizing 


Action Forces, General- 
ized Perceptions 


48. 


relate flow rate of fluids and pressure 
(Bernoulli’s principle). 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage 


Synthesizing, 
or Formulating 
sf : .Aical 
:nodels 


Force Fields, Action 
Forces, Statistical 
Descriptions, General- 
ized Perceptions, 
Science and Society 


49. 


relate field ideas to inverse square 
proportionalities and equal area-equal 
times events. (Kepler’s laws) 


Search for Data and their 
Meaning, Respect for Logic, 
Valuing Scientific Heritage 


Analyzing 

systems 


Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


50. 


identify selected periodic motions 
such as: pendulum, uniform circular 
motion and spring oscillator. 


Longing to Know and Unde 
stand 


Formulating 

models 


Differences and Similar- 
ities of Interactions, 
Generalized Perceptions 


51. 


relate periodic motion.s to wave 
motions such as: sound, light, radio, 
microwave, ultra-sonics and heat. 


Search for Data and their 
Meaning 


Analyzing 

systems 


Energy Exchange, Matter/ 
Energy Conservation 


52. 


compare and contrast the wave 
model and the particle model in 
describing energy transfer and other 
phenomena. 


Search for Data and their 
Meaning, Respect for Logic 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Syneihesizing 


Fundamental Structures, 
Statistical Descriptions 


53. 


trace the history of the discovery of 
particles, i,e. nuclear. 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage 


Formulating 

models 


Fundamental Structuivs, 
Differences and Similar’ 
ities of Objects, 
Statistical Descriptions 


54, 


identify properties of elementary 
particles such as: electron, proton, 
neutron and positron in terms of 
mass, size, charge and energy level. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Formulating 

models. 

Analyzing 

systems 


Differences and Similar’ 
ities of Interactions, 
Generalized Perceptions, 
Statistical Descriptions, 
Action Forces, Energy 
Exchange, Matter/Energy 
Conservation 


55. 


apply the laws learned in mechanics 
and in dynamics to account for the 
kineticmiolecular-theory for gases. 


Consideration of Premises, 
Respect for Logic, Demand 
for Verification 


Analyzing 

systems 


Energy Conservation, 
Fundamental Structures, 
Statistical Descriptions 


56. 


cite evidence to support the law of 
conservation of energy for the micro- 
scopic as well as macroscopic state. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Manipulating 

variables 


Differences and Similar’ 
ities of Interactions, 
Statistical Descriptions 


57. 


test the laws of relfection, refraction, 
diffraction and interference for light 
in the laboratory^, 


Search for Data and their 
Meaning 


Synthesizing 


Differences and Similar’ 
ities of Interactions 


58. 


extend these findings to enough other 
members of the electromagnetic fam- 
ily to show the close relationships 
between the members of that family. 


Search for Data and their 
Meaning, Demand for 
Verification 


Defining 

operationally 


Differences and Similar’ 
ities of Interactions, 
Statistical Descriptions 


59. 


order the commonly recognized 
segments of the electromagnetic 
spectrum according to wavelength 
or frequency. 


Search for Data and their 
Meaning 


Experimenting 


Space/Time Reference 
Frames, Differences and 
Similarities of Inter- 
actions 


60. 


demonstrate total internal reflection. 


Longing to Know and Unde 
stand 


Formulating 

models, 

Analyzing 

systems 


Differences and Similar’ 
ities of Interactions, 
Generalized Perceptions 


61. 


demonstrate the primciple of super- 
position of waves, construct a model 
to explain its effects and use it to ex- 
plain various phenomena in sound, 
water and light waves. 


Search for Data and their 
Meaning 


Formulating 

models. 

Analyzing 

systems 


Differences and Similar’ 
ities of Interactions, 
Generalized Perceptions 


62. 


demonstrate how dispersion, dif- 
fraction and interference differ and 
construct models to illustrate these 
differences. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Formulating 

models. 

Interpreting 

data 


Fundamental Structures, 
Action Forces, Energy 
Exchange, Energy 
Conservation 


63. 


construct a model for electric cur- 
rent and defend this model in terms 
of both energy loss and charge move- 
ment. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Analyzing 

systems. 

Formulating 

models 


Force Fields, Inter’ 
dependency of Nature, 
Generalized Perceptions 


64. 


construct a model to explain the 
inter-relationship of electric and mag- 
netic fields and use this model to 
describe simple electromagnetic 
radiation. 


Search for Data and their 
Meaning 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Experimenting, 

Formulating 

models 


Space /Time Reference 
Frames, Force Fields, 
Interdependency of Nature 


65. 


demonstrate the polarization of 
light and modify the model of light 
to explain it. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Analyzing 

systems 


Science and Technology 


66. 


list several practical’applications of 
electromagnetic energy to daily 
existence. 


Consideration of Conse^ 
quences. Valuing Scientific 
Heritage 


Performing 

investigations 


Energy Conservation, 
Generalized Perceptions 


67. 


perform an experiment to demon- 
strate the photoelectric effect and 
construct a model to explain it. 


Consideration of Premises 


Formulating 

statistical 

models 


Energy Conservation, 
Statistical Descriptions 


68. 


relate the energy content of the 
various segments of the photoelectric 
spectrum to frequency or wavelength. 


Search for Data and their 
Meaning 


Performing 

investigations 


Differences and Similar^ 
ities of Interactions, 
Generalized Perceptions, 
Interdependency of Nature, 
Science and Technology, 
Science and Soeity 


69. 


discuss the transparency of various 
materials to various segments of the 
electromagnetic spectrum including 
a discussion of ouch pi enomena as 
the greenhouse effect, snow blindness, 
Becquerel effecc, radio reception, etc. 


Search for Data and their 
Meaning, Consideration of 
Premises, Consideration of 
Consequences 


Analyzing 

systems. 

Synthesizing 


Differences and Similar- 
ities of Interactions, 
Science and Technology, 
Statistical Descriptions 


70. 


describe the condition necessary for 
electromagnetic wave amplification 
by stimulated emission of radiation 
(maser and laser) and discuss some 
present and potential benetV.ial uses 
of this phenomena. 


Search for Data and their 
Meaning, Consideration of 
Consequences, Valuing 
Scientific Heritage 


Formulating 

statistical 

models. 

Analyzing 

systems. 

Cognitively 

evaluating 

aliematives 


M a t ter/E n e rgy Co n se rvp tion. 
Generalized Perceptions 


71. 


write nuclear equations for simple 
reactions and show where conseivation 
principles apply and also where they 
seem to fail. 


Search for Data and their 
Meaning, Consideration of 
Premisez 


Analyzing 

systems. 

Defining 

operationally 


Fundamental Structures, 
Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities 
of Interactions 


72. 


discuss the properties of the ele- 
mentary types of radiation (alpha, 
beta and gamma). 


Search for Data and their 
Meaning 


Performing 

investigations. 

Synthesizing 

results 


Differences and Similar- 
ities of Interactions, 
Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


73. 


use both the wave and particle 
models to describe various phenomena 
involving electromagnetic radiation. 


Question ing of A ll Th ings. 
Search for Data and their 
Meaning, Consideration of 
Premises 


Performing 

investigations, 

Synthesizing 

results 


Differences and Similar- 
i ties of In te racti o ns. 
Differences and Similar- 
ities of Objects, 
Generalized Perceptions 


74. 


use both the wave and particle mod- 
els to describe various behaviors of 
matter. 


Questioning of All Things, 
Search for Data and their 
Meaning, Consideration of 
Premises 


Synthesizing 

results 


Generalized Perceptions 


75. 


construct a model of the hydrogen 
atom utilizing the theory of particle 
waves to explain nonradiating energy 
states. 


Search for Data and their 
Meaning, Consideration of 
Premises 



H,S. Physics— 7 



Processes 



Conceptual Schemes 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



Analyzing 
systems or 
Performing 
investigations 



Mat ter/ Energy Conservaliony 
Statistical Descriptions, 
Generalized Perceptions 



76. 



solve a simple example of E=mc 



2 



Questioning of All Things, 
Search for Data and their 
Meaningy Consideration of 
Premises 



IVanslating 



Matter/Energy Conservationy 
Statistical Descriptions, 
Generalized Perceptions, 
Science and Technology 



77. use the concepts of conservation cf 
mass/energy, momentum and chu'ge 
to solve a variety of real problems. 



Developing A Commitment to 
Aesthetics in Nature 



Analyzing 

systemsy 

Synthesizing 



Differences and Similar- 
ities of Interactions, 
Science and Technology 



78. describe in simplified general terms 
the operation of an atomic particle 
accelerator. 



Search for Data and their 
Meaning 



Analyzing 

systems 



Science 



and 



Society 



79. 



write a paper 
peaceful uses 



on the advisability of 
of atomic energy. 



Consideration of Conse- 
quences 
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3.33-E Higii School Objeclives — Earth Science 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Interpreting 

data 


Energy Exchange, Energy 
forms. Generalized 
Perceptions 


1. 


describe the general converst’on of 
one form of energy to another. 


Search for Data and their 
Meaning 


Analyzing 

systems 


Energy Exchange, Energy 
Forms, Energy Conser- 
vation, Generalized 
Perceptions 


2. 


trace solar energy through its various 
changes in driving the water cycle on 
earth. 


Respect for Logic, Respect 
for Order in Nature, Search 
for Data and their Meaning 


Analyzing 
systems or 
Synthesizing 
results 


Energy Exchange, Energy 
Forms, Energy Conser- 
vation, Generalized 
Perceptions 


3. 


illustrate by using natural examples; 

a. how energy may flow or be stored 

b. how energy may be transferred or 
transformed 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Analyzing 

systems. 

Abstracting, 

Interpreting 

data 


Force Fields, Differ- 
ences and Similarities 
of Interactions, Space/ 
Time Reference Frames 


4. 


explain why a frame of reference is 
important in describing the motion 
(or the rest state) of an object. 


Consideration of Premises, 
Search for Data and their 
Meaning 


Translating, 

Interpreting 

data 


Force Fields, Space/ Time 
Reference Frames 


5- 


describe experiments that support 
the concepts that; 

a. the earth rotates on an axis 

b. the earth revolves around the sun 


Consideration of Premises, 
Search for Data and their 
Meaning 


Analyzing 

systems 


Space/Time Reference 
Frames 


6. 


cite examples of the relationship 
among time of day, seasons, and the 
motion of the earth. 


i 

Search for Data and their 
Meaning, Respect for Logic 


Cognitively 

evaluating 

alternatives. 

Formulating 

models 


Generalized Perceptions, 
Space/Time Reference 
Frames, Constant Change 


7. 


outline several different theories for 
the origin of the solar system and 
identify at least one major flaw in 
each. 


Questioning of All Things, 
Search for Data and their 
Meaning, Consideration of 
Premises, Valuing Scientific 
Heritage 


interpreting 

data. 

Measuring or 
Synthesizing 
results 


Statistical Descriptions, 
Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions 


8. 


describe methods that can be used 
to find the shape, size, density, etc. 
of the earth. 


Valuing Scientific Heritage, 
Search for Data and their 
Meaing 


Defining 

operationally. 

Interpreting 

data 


Differences and Similar- 
ities of Objects, Space/ 
Time Reference Frames, 
Generalized Perceptions 


9, 


describe some general physical charac- 
teristics of the atniosphere, hydro- 
sphere, and lithosphere. 


Search for Data and their 
Meaning 


Experimenting, 

Analyzing 

systems 

or Synthesizing 
results 


Interdependency of Nature, 
Fundamental Structures 


10. 


discuss the relative importance of 
several common elements of each 
sphere in terms of abundance and 
chemical activity. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Analyzing 

systems 


Differences and Similar- 
ities of Objects 


11. 


list the elements that occur in abun- 
dance in all three spheres. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Synthesizing, 

Analyzing 

systems 


Differences and Similar- 
ities of Objects, Inter- 
dependency of Nature 


12. 


discuss the relative importance of 
elements common to each list in 
terms of their chemical role in each 
sphere. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Analyzing 

systems. 

Formulating 

hypotheses 


Interdependency of Nature 


13. 


discuss the relationship between 
mineral resources and natural 
resources. 


Respect for Order in Nature, 
Search for Data and their 
Meaning 


Translating or 

Synthesizing 

results 


Energy Forms, Energy 
Exchange 


14. 


explain the theory for origin of the 
sun’s energy. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Synthesizing, 

Formulating 

models 


Differences and Similar- 
ities of Interactions, 
Force Fields, General- 
ized Perceptions 


15. 


correlate unequal heating, gravita- 
tion, and rotation with unequal 
pressure distribution and convective 
circulation in the atmosphere. 


Respect for Logic, Longing 
to Know and Understand 


Synthesizing, 

Formulating 

models 


Force Fields, Energy 
Exchange, Matter/Energy 
Conservation 


16. 


describe the effect of in-coming solar 
energy on the development of the 
general structure of the atmosphere. 


Search for Data and their 
Meaning, Respect for Order 
in Nature, Consideration of 
Premises 


Experimenting, 

Formulating 

statistical 

models 


Interdependency of Nature, 
Space/Time Reference 
Frames, Generalized 
Perceptions 


17. 


relate the properties of a gas in 
terms of temperature, pressure, and 
volume. 


Search for Data and their 
Meaning 


Formulating 

models. 

Interpreting 

data 


Fundamental Structures 


18. 


describe and give examples of mois- 
ture (water) in the atmosphere. 


Search for Data ar d their 
Meaning 


Analyzing 
systems. 
Translating, 
or Synthesizing 
results 


Interdependency of Nature, 
Force Fields 


19. 


describe, in his own words, how the 
lower part of the atmosphere produces 
the “greenhouse effect”. 


Search for Data and their 
Meaning, Consideration of 
Consequences 


Analyzing 

systems. 

Formulating 

models 


Force Fields, Constant 
Change, Interdependency 
of Nature 


20, 


relate changes in temperature, pres- 
sure, and volume to the production 
of pressure cells. 


Search for Data and their 
Meaning 


Defining 

operationally. 

Interpreting 

data 


Space/Time Reference 
Frames 


21. 


define operationally warm and cold 
fronts in terms of air-mass movement. 


Valuing Scientific Heritage 


Synthesizing, 

Analyzing 

systems, 

Formulating 

models 


In terdepe ndency of Na tu re. 
Force Fields, Science and 
Technology 


22. 


discuss how geographic location, 
topography, nearby water, population 
centers, etc. will influence local weather. 


Respect for Order in Nc^ire 
Search for Data and their 
Meaning, Consideration of 
Consequences 


Predicting, 

Testing 


Differences and Similar 
Hies of Interaction' 
Generalized Percepuuns, 
Science and Technology, 
Constant Change 


23. 


make a 12, 24 and 36 hour weather 
prediction for his school’s locality 
from weather maps for successive 
days. 


Consideration of Premises, 
Respect for Order in Nature 


Analyzing 

systems. 

Formulating 

models. 

Interpreting data 


Force Fields, Constant 
Change, Action Forces, 
Energy Exchange, Energy 
Forms, Matter/ Energy 
Conservation 


24. 


explain several ways by which waves 
and currents are generated at or near 
the hydrosphere-atmosphere interface. 


Search for Data and their 
Meaning, Consideration of 
Premises 
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Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student wiili: 


Values and Attitudes 


Analyzing 

systems. 

Formulating 

models. 

Interpreting 

data 


Force Fields, Constant 
Change, Action Forces, 
Energy Exchange, Energy 
Forms, Matter/Energy 
Conservation 


25. explain how deep water ocean cur- 
rents are generated. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Analyzing 

systems. 

Formulating 

models 


Force Fields, Inter- 
dependency of Nature, 
Action Forces 


26. discuss, in his own words, the 
formation of tides. 


Search for Data and their 
Premises, Respect for Order 
in Nature 


Synthesizing, 

Interpreting 

data 


Differences and Similar- 
ities of Interactions, 
Space/Time Reference 
Frames, Constant Change, 
Matter/Energy Conserva- 
tion 


27 grossly trace the major oceanic 

circulation patterns on a map of the 
world. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Formulating 

models. 

Defining 

operationally. 

Formulating 

Hypotheses or 

Synthesizing 

results 


Constant Change, General- 
ized Perceptions, Matter/ 
Energy Conservation, 
Action Forces 


28. describe the major topographic 
features of continental shelves and 
ocean basins, and suggest hypotheses 
concerning their origin. 


Search for Data and their 
Meaning 


Formulaing 

models^ 

Analyzing 

systems, 

Interpreting 

data, or 

Synthesizing 

results 


Constant Change, Force 
Fields, Action Forces 


29. list shoreline features and correlate 
the production of these features with 
wave and current activity in shallow 
water. 


Search for Data and their 
Meaning, Respect for Order 
in Nature 


Interpreting 

data. 

Defining 

operationally 


Differences and Similar- 
ities of Objects, 

Science and Technology 


30. identify common rock forming 

minerals and ores using their physical 
properties. 


Search for Data and their 
Meaning 


Classifying 


Differences and Similar- 
ities of Objects 


31. identify several unfamiliar minerals 
with an appropriate mineral key. 


Respect for Logic, Demon- 
strating Confidence and 
Satisfaction 


Experimenting, 

Inteipreting 

data 


Differences and Similar- 
ities of Objects 


32. identify textural, structural, and 

compositional features in hand spec- 
imens of common rocks. 


Search for Data and their 
Meaning 


Formulating 
models. 
Classifying, or 
Synthesizing 
results 


Differences and Similar- 
ities of Objects, 
Constant Change, Force 
Fields, Generalized 
Perceptions 


33. classify specimens of common rocks 
and describe their origin in general 
terms. 


Search for Data and their 
Meaning, Valuing Scientific 
Heritage 


Formulating 

models. 

Analyzing 

systems or 

Synthesizing 

results 


Force Fields, Constant 
Change, Matter/Energy 
Conservation, Generalized 
Perceptions 


34. enumerate the sources of heat to pro- 
duce a magma and trace the cooling 
history of a magma from its birth to 
the formation of a batholith and/or to 
the formation of volcanic mountains 
and plateaus. 


Respect for Logic, Search 
for Data and their Meaning, 
Consideration of Premises 



H.S. Ear. Sci.*~3 
107 



.107 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Formulating 

statistical 

models. 

Analyzing 

systems, or 

Synthesizing 

results 


Force Fields, Constant 
Change, Malter/Energy 
Conservation, Generalized 
Perceptions 


35. explain the origin of metamorphic 
rocks by discussing the temperature 
and pressure conditions that may be 
inferred at increasing depths within 
the earth’s crust. 


Respect for Logic, Search 
for Data and their Meaning, 
Consideration of Premises 


Formulating 

models. 

Analyzing 

systems, or 

Synthesizing 

results 


Constant Change, Force 
Fields, Matte r /Energy 
Conservation, Generalized 
Perceptions 


36- describe the environments where 
sediments may accumulate and how 
sedimentary rocks are formed. 


Respect for Logic, Search 
for Data and their Meaning, 
Respect for Order in Nature 


Synthesizing, 

Formulating 

models 


Constant Change, Matter/ 
Energy Conservation 


37. trace a particle of matter through the 
rock cycle along various paths it may 
take. 


Respect for Logic, Respect 
for Order in Nature 


Analyzing 

systems. 

Formulating 

models. 

Interpreting 

data. 

Classifying, 
or Synthesizing 
results 


Differences and Similar^ 
ities of Interactions, 
Constant Change, Force 
Fields, Matter/Energy 
Conservation 


38. explain and illustrate with examples 
the effects produced by major grad- 
ational processes as the shape of the 
earth’s surface is changed. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Synthesizing, 

Analyzing 

systems. 

Formulating 

models 


Matter/Energy Conservation, 
Generalized Preceptions, 
Constant Change 


39. illustrate with example how geologic 
processes tend toward an equilibrium 
state as the earth’s surface is modified. 


Consideration of Premises, 
Search for Data and their 
Meaning 


Analyzing 

systems. 

Simulating 


Constant Change, Force 
Fields 


40. relate the origin of sedimentary rocks 
to weathering, mass movement and 
erosion. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Formulating 

models. 

Analyzing 

systems or 

Synthesizing 

results 


Action Forces, Statistical 
Descriptions 


41. describe why an earthquake occurs. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Defining 

operationally. 

Recognizing 

variables 


Differences and Similar- 
ities of Objects, Differ- 
ences and Similarities of 
Interactions 


42. describe in gross terms the nature of 
.V, S, and surface waves. 


Search for Data and their 
Meaning 


Formulating 

models. 

Interpreting 

data or 

Synthesizing 

results 


Generalized Perceptions, 
Differences and Similar- 
ities of Interactions, 
Space/Time Reference 
Frames 


43. explain how earthquake (seismic) 
wave data are used to postulate the 
general interior structure of the 
earth. 


Consideration of Premises, 
Search for Data and their 
Meaning 

> 


Formulating 
models or 
Synthesizing 
results 


Interdependency of Nature, 
Generalized Perceptions 


44. formulate a model to explain the 
earth magnetic field. 


Consideration of Premises, 
Search for Data and their 
Meaning, Respect for Logic 
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Tos 



lOS 



Processes 


Conceptual Schemes 


OBJECTIVES: Dependent upon ability 

and past experience, the 
student will: 


Values and Attitudes 


Formulating 

models. 

Interpreting 

data 


Force Fields, Action Forces, 
Matter/Energy Conservation 


45. discuss the possible relationship 

between vulcanism and earthquake 
arjtivity. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Formulating 

models, 

Analyzing 

systems. 

Interpreting 

data, or 

Synthesizing 

results 


Matter/Energy Conservation, 
Constant Change 


46. discuss the development of geosynclinal 
mountains. 


Search for Data and their 
Meaning, Consideration of 
Ih^emiscs 


Analyzing 

systems. 

Interpreting 

data or 

Synthesizing 

results 


Matter/Energy Conservation, 
Constant Change 


47. cite evidence and explain uplift 
(emergence) and subsidence (sub- 
mergence) of crustal blocks not nec- 
essarily associated with geosyncline 
mountains. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Interpreting 
data or 
Synthesizing 
results 


Differences and Similar- 
ities of Interactions, 
Constant Change, Matter/ 
Energy Conservation 


48. locate the major earthquake and 

volcanic areas on a map of the world 
(past and present) and identify areas 
where future activity might be pre- 
dictable. 


Respect for Logic, Consid- 
eration of Premises 


Interpreting 

data 


Constant Change, Statistical 
Descriptions, Generalized 
Perceptions 


49. explain radioactive decay and how it 
may be used to measure geologic time 
intervals. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Analyzing 

systems 


Generalized Perceptions, 
Statistical Descriptions, 
Constant Change 


50. list several examples of how relative 
geologic time is measured and how 
relative time differs from absolute 
(radiometric) time. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Assimilating 


Constant Change, Statistical 
Descriptions, Generalized 
Perceptions 


51. demonstrate a familiarity with the 
Geologic Time Scale. 


Demonstrating Confidence 
and Satisfaction, Search 
for Data and their Meaning 


Interpreting 

data 


Differences and Similar- 
ities of Objects 


52. identify common fossils and 

determine their mode of preservation. 


Search for Data and their 
Meaning 


Interpreting 

data 


Constant Change 


53. cite fossil evidence to support the 
theory that organisms have evolved 
from simple to more complex forms. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Analyzing 

Systems, 

Interpreting 

data 


Constant Change, Differ- 
ences and Similarities of 
Interactions 


54. illustrate by example the use of 
fossils as tools in interpreting earth 
history. 


Search for Data and their 
Meaning, Consideration of 
Premises 


Analyzing 

systems or 

Synthesizing 

results. 

Designing 

studies, 

Performing 

investigations 


Differences and Similar- 
ities of Interactions, 

Action Forces, Space/Time 
Reference Frames, Constant 
Change 


55. measure and describe a simple strati- 
graphic section, correlate this section 
with nearby sections, and explain any 
variations in sequence, rock-type, 
fossil content, structure, etc. 


Search for Data and their 
Meaning, Consideration of 
Premises 
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Processes 



Conceptual Schemes 



OBJECTIVES: 



Dependent upon ability 
and past experience, the 
student will: 



Values and Attitudes 



Synlhesizing 



Constant Change, 
Differences and Similar 
ities of Interactions, 
Generalized Perceptions 



56. describe a logical sequence of events 
from information given in a cross- 
sectional diagram containing sedimen- 
tary, igenous, and metamorphic rocks 
by using the principles of (a) original 
horizontality, (b) super-position, (p) 
unconformity, (d) cross-cutting relation- 
ships, and (e) faunal succession. 



Considc ration of Prc m ises. 
Search for Data and their 
Meaning 



Proposing 

answers. 

Cognitively 

evaluating 

alternatives. 

Interpreting 

data 



Science and Technology, 
Interdependency of Nature, 
Differences and Similar- 
ities of Interactions, 

Force Fields 



57. report orally or in writing observations 
he has made of accelerated natural 
pollution of surface water (streams 
and lakes) in his locality and discuss 
ways to reduce this accelerated natural 
pollution in the future. 



Consideration of Conse- 
quences, Developing A 
Commitment to Aesthetics 
in Nature 



Synthesizing 

results 



Science and Technology, 

In terdependency of Nature, 
Differences and Similar- 
ities of Interactions, 

Force Fields 



58. predict problems that may develop in 
the future conerning the quality of 
water in his locality after obtaining in- 
formation about the laws in his area 
concerning human waste disposal and 
interviewing public health and sanitation 
officials concerning the quality of 
surface and subsurface water in his 
area. 



Consideration of Conse- 
quences, Developing A 
Commitment to Aesthetics 
in Nature 



Synthesizing 
results, ai.v 
Cognitively 
evaluating 
alternatives 



Synthesizing 

results. 

Proposing 

answers. 

Cognitively 

evaluating 

alternatives 

Synthesizing 

results 



Science and Technology, 
Interdependency of Nature, 
Differences and Similar- 
ities of Interactions, 

Force Fields 



Matter Conservation, 

Energy Conservation, 

In terdepe nde ncy of Nature, 
Science and Technology 



Interdependency of Nature, 
Force Fields, Science and 
Technology 



59. predict what changes in the earth 

mean annual temperature may occur 
(remember the -greenhouse effect) and 
how these changes may affect the 
natural environment if man’s activity 
constantly increases the abundance of 
carbon dioxide and dust in the atmosphere. 



Consideration of Conse- 
quences, Developing A 
Commitment to Aesthetics 
in Nature 



60. distinguish between renewable and 
non-renewable mineral resources 
(giving examples of each) and suggest 
things that may be done to increase 
man’s use of some non-renewable 
mineral resources after these resources 
have been used in manufacturing. 



Consideration of Conse- 
quences, Developing A 
Commitment to Aesthetics 
in Nature 



61. construct hypotheses concerning the 
possible effects on future changes in 
the earth’s surface of such technolog- 
ical application as damming waterways 
(both small and large) and underground 
nuclear explosions, etc. 



Consideration of Conse- 
quences, Respect for Order 
in Nature 
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4.K) General Comments about Sequence 

4. 1 I Need for a Coherent K 12 Progjwn 

These CfUicIeliiies have eiiipliasi/ed the need to organize 
school science programs around a few clearly stated themes 
for the achieveineiit of specific goals and the development 
of stated terminal student behavior patterns. To accomplish 
this, llie total K-12 school science program must be a 
coherent whole. The program cannot be a series of several 
unrelated learning experiences but must be a sequence of 
many well planned and coordinated activities. All irrelevant 
activities and objectives must be elimiitated. 

4.12 Need to Personalize Instruction 

The preceding does not imply that science learning 
experiences cannot be varied to meet the individual needs 
of the students. If the program is not per.sonalized to the 
individual interests and real life problems of each student, it 
is unlikely the goals of the program will be realized. The 
sequence of science learning experiences must be correlated 
with backgrounds, stages of development, and immediate 
individual interests of the students if they are to discover, 
understand and execute their roles in a dynamic society. 

4.13 f.ength of the School Science Sequence 

If high school graduates are to develop responsible adult 
behaviors, (hey must have many experience."? in sciencing 

4.2 1 Courses Acceptable for Grades 9- II 



throughout their childhood. Competency in using the 
processes of sciencing, comprehension of the conceptual 
schemes of science, and development of the values and at- 
titudes of and toward science do not arise spontaneously. A 
short exposure to science in secondary school is not suf- 
ficient. Since sciencing is an inductive process, it demands 
the previous development of ideas in order for this syn- 
thesis to occur. Elementary students should have science 
learning experiences each year beginning with kindergarten, 
or preschool training where it exists. Such experiences 
should be an integral part of both the 7th and 8th grade 
programs. If students are to be effective members of to- 
day’s and tomorrow’s society, at least two years experience 
with science (one life and one physical or earth) in grades 9 
through 12 arc encouraged, although not required by State 
rules. 

4.20 SecOfiuary School Science -- 

Action of the Commission on General Education 

On May 19, 1970, the Commission on General 
Education of the Indiana State Board of Education acted 
on recommendations of the Indiana State Science Advisory 
Committee concerning Secondary School Science. This 
section (all 4.2 prefixed subsections) is a statement of that 
action. 



Course 



Grade 



Periods 
Per Week 



Semester 



Unit Value 



Integrated (General) Science 


9 


to 


12 


5 


to 


7 


I or 


2 


.5 


or 


1 


Biology 


9 


to 


12 


5 


to 


7 


i or 


2 


.5 


or 


1 


Chemistry 


9 


to 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Earth Science 


9 


to 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Physics 


9 


to 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Physical Science 


9 


to 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Applied Physical Science 


9 


to 


!2 


5 


to 


7 


1 or 


2 


.5 


or 


] 


Applied Life Science 
Advanced Science 


9 


to 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Advanced Integrated 
























Science 


11 


or 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 

j 


Advanced Biology 


11 


or 


12 


5 


to 


7 


1 or 


2 


.5 


to 


1 


Advanced Chemistry 
Advanced Earth 


11 


or 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Science 


11 


or 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Advanced Physics 


11 


or 


12 


5 


to 


7 


1 or 


2 


.5 


or 


I 


Integrated Science Sequence 
























Integrated Science I 


9 


to 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Integrated Science II 


10 


to 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Integrated Science III 


11 


or 


12 


5 


to 


7 


1 or 


2 


.5 


or 


1 


Integrated Science IV 






12 


5 


to 


7 


1 or 


2 


.5 


or 


1 
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4.22 ( nurse Pcscripiinns for A hove Course lilies 

huesiraied (deneral) Seienre ‘I'his course may serve as a 
(eriniiial science course or as an inilial high school course 
inlended lo develop a solid roundalion Tor the study of 
Bioh)gy. ( heinist ry . I4iysics and/or l-’artli Science. The 
course should involve a study of basic coJicejMs drawn from 
the biological, physical and earth sciences, it should stress 
the processes that man uses to understand, control and 
adapt to his environment. 

Biology An investigative study of the structures and 
functions of living organisms, their interactions with the 
environment and the interdependence of populations and 
individuals. 

C'hemis/ry An investigative study of tnatter and its 
chemical interactions. This study should normally he 
organized around the concepts of atomic structure, 
bonding, stoichiometry (tlie quantitative study of cliemieal 
reactions) and other changes that accompany chemical 
reactions. Whenever practical, examples should he chosen 
wiiicli illustrate everyday chemical eliange. 

luirili Seience A broad study of the lithosphere (the solid 
earth), atntosphere and hydrosphere of the earth including 
a study of celestial phenomena as they affeet the earth with 
emphasis on the energy at work to form and modify earth 
materials, landforms atul continents through geologic time. 
Laboratory study, field trips and local geological features 
should he used in the study whenever feasible. 

Physies An investigative study and syii thesis of tlie 
fundamental concepts of meehanies, wave motion, heat, 
light, electricity, magnetism, electromagnetism and modern 
physics. Not only slunild examples be drawn from everyday 
experiejiccs wiienever possible, hut also from celestial 
phenomena. 

Physieal Science An investigative study of the basic 
concepts ol‘ chemistry, physies and related sciences whicli 
may serve as a leianinal course in tlie physieal science or a 
foundation course for a more sophisticated study of 
Biology, Chemistry. Physics aiid/or Karth Science. 

Applied Physical Science ~ A terminal course in physical 
seience dealing with the principles of physieal science as 
they apply to technology and everyday life. This course is 
recommended only for (hose students wlio can better profit 
from it than from the above cour.ses in physical science. 

Applied idfe Science A terminal course in bitilogical 
science dealing with biological principles as they apply to 
personal hygiene and the physical well-being of the student 
and his community. This course is recommended only for 
those students who can better profit from it than from the 
standard biology coiir.se. 

Advanced Science. - AW advanced science courses should 
place emphasis on scientific literacy, the unifying themes of 
.scientific knowledge (i.e. the conservation of matter and 
energy, the particulate nature of matter, (he 
interdependency of nature, etc.) and the methods' of 
scientific inquiry. This should be true even for those 
courses which employ an advanced concentrated study in a 
single discipline as a vehicle. Hxeept for students who enter 
an advanced science course from an integrated science 



sequence, it isstrtingly recommended that previous work in 
both biological and jdiysical science be made prerccpiisite to 
enrollment in any advanced science course. 

Adranced Integrated Science A course for use in 
schools without an integrated science secjuenee. It 
slunild extend the basic concepts underlying all of the 
sciences to develop comprehensive theoretical motlels 
useful in testing the hypotheses of the conservation 
principles. 

Advanced Hiolo^y An extended investigation into 
the activities and inicraetions of living organisms h>' 
the development and refinements of the methods of 
seientifie inquiry. 

Advanced Chemistry An extended investigation of 
chemical interactions of matter in living and nonliving 
materials stressing the unifying themes of chemistry 
and the methods of scientific inquiry. 

Advanced idirth Science An extended study of earth 
science topics utilizing and syriihesi/ing concepts 
from other seientifie disciplines. The course may be 
broad in the subjeel matter eewerage or may he an 
in-depth study ol's[)eeifie areas of earth science. 

Advanced Physics An e.xtended investigation of 
fundamental concepts and the methods by which 
they arc synl ,csi/.cd into theoretical models t‘or the 
study of interacting systems t)f the macro and micro 
eosiiKis. 

The Integrated Science Sectncncc To eliminate the 
unnecessary duplieatitm and to stress the interrelationshiiis 
of the varitHis sciences, local schools are encouraged to 
develop a sequence of integrated science etiurses lor grades 
through 12. This seciuencc shall immlve an investigative 
sliuly of common basic science concepts drawn trtnvi the 
biological, physical and earth seicnees. The length ol the 
sequence may vary from two lo eight semesters, but the 
entire sequence must be coordinated to provide a balanced 
treatment of the various science disciplines, it should also 
be designed so the student can terminate his science study 
after completing any year of the integrated Science 
Sequence with a properly balanced .science program. Since 
ibis sequence will be experimental, prior approval ol the 
proposed course of study must be obtained from the De- 
partment of Public instruction. 

4.23 General Rules Concerning Senior High Science 

The above ct)urses are approved for all higli seliools for 
the grade and credit indicated with (he lollowing additional 
limitations: 

1. Each course should be taught as a laboratory 

science as required by Rules G-l and G-3. A 
laboratory seience is any course devoted lo the study 
of the natural sciences in which a minimum of 207^ of 
the total instructional time is devoted to laboratory 
activities. Laboratory activities arc defined as 

activities in which students use appropriate 
equipment and materials to perform investigations 
germane to the .subject. 

2. The minimum graduation requirement of one unit 
of laboratory science (Rule G-l) may be satisfied by 
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any of the courses other than Integrated ScienceTTT 
111 or IV or those listed under Advanced Science, but 
two semesters of satisfactory work in a particular 
course must be completed to meet this minimum 
requirement. 

Where there is a good reason to offer other speciali/xd 
and applied science courses as advanced 1 Iih or 12th grade 
subjects, permission to offer such courses must be 
requested from the Department of Public Instruction. This 
requirement is waived for Aeronautics, Botany, Electricity, 
Physiography, Radio and Zoology through the I970-7I 
school year. 

4 .24 Suggested Programs of Studies for Seventh, 

F.ighth and Ninth Grades 

• Science- 



7th grade 3-5 periods per week 

8th grade 3-5 periods per week 

9lh grade 5-7 periods per week 



Science in Grades 7 through 9 should be designed as a 
• sequential program including, but not limited to, study in 
the life and physical sciences and should include laboratory 
work at all grade levels. Ninth grade science courses should 
be so designed that they meet the requirements for a 
laboratoi;,' science course as outlined in Rule G-1. (See 
General Rule I in 4.23) 

4.30 Performance Objectives List and Course Design 

Perhaps a few words are needed concerning the four or 
five strands of performance objectives in 3.31 through 3.33 
and their use in course designs. This is particularly true 
regarding the senior high school courses since the commit- 
tee did not develop a separate list of objectives for each 
course listed in 4.21. Since related questions may arise at 
the elementary and Junior high levels, some comments con- 
cerning the use of the^’^e objectives at all levels are appro- 
priate. 

4.3 1 The Elementary School Science Progivm 

The committee believes that the format of the objective 
list is such that it can provide guidance to teachers using 
various elementary science curriculum organizational 
patterns— from the more traditional unit approach to the 
various recently developed systems approaches. In all cases, 
however, elementary programs should focus on sciencing 
rather than learning about science through verbal 
instruction only. This sciencing should involve all aspects of 
the students’ interest in nature. This interest, particularly 
with children in the elementary years, cannot be 
campartmentalized into single areas of science for long 
periods of time; therefore, elementary science programs 
should interweave all four strands as student interest and 
ability demand. The only limitation should be student 
background and maturation, i.e., readiness and ability to 
perform the processes of sciencing. 

4.32 The Junior High School Science Pivgram 

There are two, perhaps three, distinct organizational 
patterns employed in designing junior high school science 
programs. Until a little over a decade ago, the most 
common practice involved General Science in the 7th and 



1 ! 3 



8th grades followed by either a third year of (Genera! 
Science or Biology in the 9th grade. 

Over the last decade, due to three major factors the 
improved elementary programs, the introduction of 
molecular biology into high school courses, and the inllux 
of discipline trained secondary teachers into 7th and 8th 
grade science classes-there has been a gradual drift away 
from this organizational pattern. The trend has been toward 
what is often referred to as either a sequence or block 
program, i.e., a year of life science, a year of earth and 
space science and a year of physical science (chemistry and 
physics). The usual pattern has been to place the life 
science at the 7th grade with the grade placement of the 
other two blocks depending on local rationale and staff 
assignments. 

During the last five years, many educators have begun to 
re-examine the junior high science program. Their 
conclusion has been that this arrangement docs not 
necessarily produce a coherent, comprehensive science 
program for the junior high school. They have not 
advocated returning to the general science approach which 
was seldom little more than a series of minicourses. Instead, 
they arc "ccommcnding a reorganization of the junior high 
science program around unifying themes utilzing subject 
matter from each science discipline as it supports these 
themes. This approach is generally referred to as a iwified 
or integrated apjn oach. 

Although, as a body, the committee felt this latter 
approach is probably best, it realized that teacher 
preparation and availability of materials presently hinders 
its usage in many schools; consequently, it has taken the 
middle ground of not stating a preference between the 
block or the integrated approaches. 

If the block approach is used, the strand structure in 

3.32 is easily employable in course design. The appropriate 
subject matter strand would be utilized with the addition of 
appropriate objectives from the general strand. 

If the integrated approach is chosen, the problem is a bit 
more complex since it will necessitate interweaving all four 
strands into each course. Additional coordinated planning 
will be required to assure that the total junior high program 
is comprehensive without being redundant. Planning is 
necessary if science is to be developed as a coherent 
intelligent enterprise with a logical student orderliness. Of 
course, similar planning would be necessary with regard to 
the general strand in the block approach. 

4.33 The Use of the Strands in Senior High 
School Science Course Design 

From the course titles listed in 4.21 and the course 
descriptions in 4.22, it is apparent that there are several 
alternative routes available to senior high schools in 
providing an adequate program. These routes arc discussed 
in 4.34. The selection of performance objectives from the 
five strands in planning senior high science courses is 
discussed in this section. 

How these strands may be employed in planning the 
courses of Biology, Chemistry, Earth Science, Physics, 
Advanced Biology. Advanced Chemistry, Advanced Earth 
Science and Advanced Physics is the most obvious. The 
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iippicipriiMe ccuKcnt siraiul would be ciuployed with 
relevaiK objcclives from the general slraiKl interwovcji. As 
iiieiitiofied in 3.22. selection of ihuse objeelives appropriate 
(o intcodueCory courses and advanced courses will depend 
somewhat on (he local situation and student ability. l‘aeh 
ol‘ (he four strands was constructed with enough depth to 
go beyond tlie scoj)e of atiy introductory course. Two 
possibilities are open to schools olTcring an introductory 
course and an advanced course. ( I ) They can be selective, if 
adequately coniprelieiisive, in planning (he ititroductory 
course and reserve certain specific but more advanced 
objectives for the advanced cour.sc, (2) They can cover most 
of the objectives in the introductory course and return to 
those with a potential for greater in-deptli investigation in 
advanced courses. The latter is perhaps (he better approach 
with the instructional objectives being considerably 
different for the advanced course in (ernis of conditions 
and criteria of acceptable performance. In fact, this ap- 
proach was considered when two sets of processes were 
listed in column 1, Tiie first set is appropriate for an intro- 
ductory course and the second for an advanced course. Of 
course, these alternatives can also provide for differences in 
student ability in indtroductory courses. 

An Integrated (General) Science course will involve the 
selection and interweaving of objectives appropriate for the 
studejit populatioji from all five strands. If this course is used 
as base for specific discipline courses, coordinated 
departmental planning is required. 

An Advanced Integrated Science course requires 
coordinating the planning with that for the prerequisite 
courses. It also involves selecting and interweaving those 
objectives from all five strands which contribute to the 
goals of the course and which have a potential for greavcr 
in-depth investigation than undertaken in the introductory 
courses. 

From (he course description, it should be apparent that 
a Physical Science course should draw appropriate 
objectives from (he general, chemistry and physics strands 
with perhaps a few selected ones from the earth science 
strand. Again, if it is used as base for a more sophisticated 
study of biology, chemistry, earth science and/or physics, 
coordinated departnie* ^al planning is a must. 

The Applied Life and Applied Physical Science course will 
involve objectives from the general strand plus the 
appropriate subject matter strand(s). Those selected would 



hi? limited hy the j)urposes the ct)Uises. Some ot the 
objectives included in the Junior High-Middle School list 
may need to he included. Although the performance 
objectives of iliose two courses may he similar to those for 
biology ajid physical science, the instructional objectives 
and strategies will he considerably dirferent. 

Development of an Integrated Sequence will demand 
coordinated departmental planning io properly mix and 
sequence objectives from all five strands intt» a coherent 
*^)-l 2 science program. 

4.34 Su^i^gcstccJ Coifrsc Sequences for Secondary School 
Science 

To meet their varied needs, several possible science 
course sequences should be provided for ,secondary 
students, Tlie,se needs range from merely living in today's 
dynamic society through making decisions about social and 
political issues to pursuing careers in science and 
technology. Some possible sequences are suggested byCiiart 
4.1 

Two ideas have been incorporated into this chart as well 
as in the grade level designation for tiie various courses in 
4.21 that differ somewhat from tiie conventional approach 
to sequencing senior high school science courses. 

First, and perhaps most important, is the removal of any 
restrictions on the ordering of biology, chemistry, earth 
science, and physics. Although the conventional sequence 
has been earth science (if offered), biology, chemistry and 
physics, in terms of one course supporting another, this 
order is a complete reverse of logic. Additionally, wiien 
students are allowed freedom in ordering these courses, 
there is some evidence that problems of decreasing 
enrolimenls are reduced. Teachi’ig physics or chemistry to 
freshmen or sophomores will demand considerable change 
in instruclionai objectives and strategics, but such change 
may actually provide more relevant chemistry and physics 
programs. 

Second, it should be noted that by providing an applied 
course in both life and physical science, the possibility ol a 
minor in science exists for the slow learner. 

Another explanation is needed. The Integrated Sequence 
should not be considered as a fourth sequence but ratlier an 
alternate for any or all of the other three sequences. In fact, 
if assignments, i.e. instructional objectives and strategics, 
are sufficiently personalized, a single integrated sequence 
could embody ail three of the other * ‘?quences. 
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Chart 1.1 SIXONDARY SCIENCK SEQUKINCE CMART 






Grade 


7 


8 


9 


10 


n 


12 


Basic 

Sequence 


Basic 

7 


Science 

8 


Applied 

> 


Life Science 
Applied 1 

K \ 1 


and 

Physical 

1 


Science 


Standard 

Sequences 


Scier 

7 


ice 

8 


Integrated 
(General) 
Science or 
Physical 


1 1 1 

1 to 4 units of 

Biology, 1 

Chemistry, 

Earth Science | 

or . 

Physics 1 

1 1 


Science 

j 

1 


1 1 

1 1 1 

I L_ 


Science or 
Technical 
Career 
Sequence 


Scier 

7 


ice 

8 


1 

1 1 

2 or 3 units of the 
5 courses in the 
Normal Sequence 

, t V 


1 

^ 1 


I or 2 
units of 

j Advanced Science 


Integrated 

Sequence 


< — 
7 


r~ I N T E 
8 


GRATED (SCIENCE ^ — > 

1 1 I or II I, II or III ' II, III, or IV 

i 1 1 



Heavy solid lines indicate more rigid separation? in the chart, the light solid line indicates flexibility in a 
sequence while the vertical dashed lines indicate flexibility in terms of the grade placement of courses . 
The arrows indicate that students may shift from one sequence to another if interests and ability assess- 
ments change. 



5.0 1^'iK iiral Tools and Sujijifeslions 



As the coiiimince considered wluit should he iiieluded in 
these (iiiidelines, it roeogni/.ed :i need I'or certain types ol' 
material that did not neatly fit into the central tliemcs 
developed to this point. These materials were grouped 
under the heading ‘"Practical Tools and Suggestions'' and 
placed in their own distinct section. As the publication 
develoj)ed. it heeanie apparent lliat these items must be 
limited in number to keep the Guidelines to manageable 
si/.c,Ti;e three that remain follow. 

5. to Guidelines for the Selection of Science Textbooks 

Ti^e increased emphasis on active student involvement in 
science learning has not eliminated (he need for the science 
textbook. It has. however, increased tlie need lor dellnite 
selection criteria. 

The evaluation instrument should be so constructed that 
irrelevant criteiia can be ignored without alTecting its 
validity. It should also permit the reviewer to express 
himself beyond marking words or numbers on a scale. 
However, any compilation necessitates the use of some type 
ol scale. This scale needs to be simple, Hexible and easily 
interpreted. 



The following suggested instrument recjuires the rating 
of only eight categories (nine when a series of texts is being 
reviewed). It provides the reviewer some direction by 
outlining points for consideration under each category. 

The space for statements concerning special strengths or 
weaknesses permits the reviewer to record his special 
leelings. I'his inronnation is often valuable in (he (Inal 
selection decision. 

All persons concerned with the use of the text should be 
involved in the selection process. Hvery teacher who will 
use the textbook should have the opportunity to help in 
the evaluation. Principals sliould be provided information 
which will keep them apprised of the available materials in 
the subject area. Students and parents can often focus 
attention on other itejiis for review since tliey maybe free 
of some of the biases of professional educators. 

Since educators are being held more accountable for 
their actions, the results of local textbook evaluation 
should be reported and kept accessible for review. 
Completed evaluation forms and tabulations should remain 
on file throughout the adoption period. 



5.11 SUGGESTED SCIENCE TEXTBOOK EVALUATION INSTRUMENT 



Name of course (grade level) 

Title of book 

Author(s) — 

Publisher Copyright Date 

Reviewer Date 

DIRECTIONS: 

First familiarize yourself generally with the make-up and contents of the textbook. Then, after becoming familiar with 
"‘points to consider” itndcr each of the categories, i.c. philosophy, subject mailer content, presentation, etc., evaluate the text 
more closely and rate it as superior, very good, average, poor or unsatisfactory in each category. 

Any outstanding strength or weakness of the text in any particular category should be indicated in the alloted space fol- 
lowing that category. Also, if you rate the text as superior or unsatisfactory in any category, justify this rating in this same 
space. These comments are as valuable, if not more valuable in decision making, as the ratings. 

There may be situations where certain points to consider arc not applicable. If this is the case, simply ignore these points. 
Finally, respond to the summary items at the end of this instrument. 

THE INSTRUMENT 
!. Philosophy 

Points to consider in evaluating the philosophy of this text arc that it: 

A. Harmonizes with your schooFs philosophy and course of study as well as those of the state, 

B. Presents topics in a manner which displays the underlying organizational structure of the subject matter, 

C. Encourages students to think out solutions rather than merely memorize details, 

D. Includes unique contributions of minority groups and presents material in a manner that is acceptable to various 
ethnic groups. 

E. Treats controversial subjects impartially. 

After thorough review, my appraisal of the philosophy of this text is: 

Superior Very Good Average Poor Unsatisfactory 

The outstanding strengths or weaknesses in the philosophy of this text arc: 
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II. Subject Matter-Content 

Points to consider in evaluating the content of this text are that it: 

A. Has sufficient scope to adequately cover all desired topics, 

B. Provides a proper balance of various types of subject matter, 

C. Uses fundamental principles correctly and consistently, 

D. Relates to the real world of the student, i.e. his environment, general interests and activities, 

E. Gives attention to the historical development of science either in the narrative or notes and reading references, 

F. Contains topics dealing with recent advances in science and technology, 

G. Provides for consideration of the social significance of science, 

H. Gives adequate treatment to career aspects of science, 

I. Contains an adequate number of problems, experiments and other activities varied enougli in difficulty to provide 

for a wide range of student abilities, 

J. Correlates with State objectives for the course or grade. 

After thorough review, my appraisal of this text’s content is: 

Superior Very Good Average Poor Unsatisfactory — 

The outstanding strengths and weaknesses in tliis text’s content are: 



111. Organization 

Points to consider in evaluating the organization of this text are that it: 

A. Utilizes a single theme or a few well chosen ones to correlate the material presented. 

B. Presents topics in a satisfactory sequence, i.e. one which facilitate;-> learning. 

C. Clearly defines lessons of appropriate length and difficulty, 

D. Is organized into chapters, sections and/or units of appropriate length, difficulty and content, 

E. Is organized so it is adaptable for use with students of varied abilities and backgrounds. 

F. Is arranged so certain sections can be omitted, 

G. Is adaptable to various types in teaching (group study, team teaching, self i»tudy, project method, etc. 

H. Easily correlates with other materials to permit a coherent K-12 science program. 

After thorough review, my appraisal of this text’s organization is: 



Very Good 



Poor 



Superior 



Average 



Unsatisfactory 
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The outstanding strengths and weaknesses of this text’s organization are: 



IV. Presentation of Material 

Points to consider in evaluating this text’s presentation of material are that it: 

A. Uses a language level appropriate for its intended readers, 

B. Presents material in a clear, concise and interesting manner which will encourage a continued interest in the 
subject. 

C. Develops principles as intuitive concepts rather than stating them as facts, 

D. Is consistent in its use of terminology, 

E. Presents explanatory material clearly and precisely, 

•E, Uses well-chosen examples and illustrations wliich are properly applied, 

G. Avoids overuse of personal attributes in discussing inanimate objects, 

H. Uses realistic, current problems, etc. in a manner in which the student can understand and follow, 

I. Uses realistic, current problems and reference situations, 

J. Presents questions, problems, etc, in a manner in which the student can understand and follow, 

K. Provides opportunities for independent and creative thinking, 

L. Provides opportunities for inductive and deductive reasoning, 

M. Provides opportunities for the use of science as a problem solving tool, 

N. Does not contain errors of fact or statement. Cite page and line for any such errors uncovered, 



After thorough review, my appraisal of this text’s presentation of material is: 



Superior Very good Average Poor Unsatisfactory 

The octstanding strengths or weaknesses in this text’s presentation of material arc: 



V. Authorship and Copyright Date 

Points to consider about the author(s) of this text are that he (they): 

A. Has p‘ ofessionai experience at the particular academic level, 

B. Has tested his material in classroom situations, 

C. Has received assistance from specialists in preparing the material, 

D. Represents a general philosophy of education that is compatible with that of your school and school 
corporation. If not, briefly explain the difference. 



Points to consider in evaluating the copyright date of this text arc that it: 

E, Contains current material as indicated by a copyright not more than two years old (if over 2 years, evaluate 

very carefully), 

F, Has undergone significant change or a major revision with latest copyright, i,e, includes provisions for 
utilizing latest teaching procedures, teclmology, experimental data and discoveries, 

G, Is up-to-date, not obsolete with modern information merely added. 



Afler thorough review, my appraisal of the authorship and copyright date of this text is: 

Superior — Very good Average Poor Unsatisfactory 
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The outstanding strengths or weaknesses concerning the authorship and copyright date of this text are: 



VI. Physical Characteristics 

Points to consider in evaluating the physical make-up of this text arc that it: 

A. Is prii v'd in type (size) suitable for grade level, 

B. Employs open, attractive and uncluttered page layouts, 

C. Makes attractive and functional use of color, 

D. Is illustrated with adequate charts, graphs, diagrams, drawings and photographs which are clear, attractive, 
meaningful, up-to-date, adequately labeled and properly placed, 

E. is printed on quality, serviceable paper, 

F. Is substantially and adequately bound for the handling and use the book will receive. 

After thorough review, my appraisal of this text’s physical characteristics is: 

Superior Very good Average Poor Unsatisfactory 

The outstanding strengths or weaknesses of the physical characteristics of this text are: 



VII. Aids for Locating Information 

Points to consi *er in evaluating the ease of finding material in the text are that it: 

A, Contains a comprehensive and accurate index. If inaccurate citations are found, identify the specific 
citations. 



B. Contains an adequate glossary of terms, 

C. Contains adequate tables, etc. in appendix, 

D. Has materials arranged in a manner so that scope and the objectives of lessons, units and sections arc clear, 

E. Contains a useful table of content, 

F. Is adequately cross-referenced, 

G. Includes adequate bibliography in terms of both scope and content. 

After thorough review, my appraisal of the aids for locating information in this text is: 

Superior Very good Average Poor Unsatisfactory 

The outstanding strengths or weaknesses of the aids for locating information in this text are: 



c 



Vlll. Services and Supplemental Materials 

Points to consider in evaluating the supplementary material available with tliis text are that: 

A. There is a Teacher’s Edition available which: 

1. Is arranged conveniently for effective use, 

2. Identifies and defines objectives for lessons, chapters, units and course, 

3. Suggests a variety of classroom strategies, 

4. Lists suggestions and materials for diagnostic and remedial work, 

5. Lists activities, games and projects for enrichment for all ability levels, 

6. Identifies sources of supplementary materials (various media), 

7. Identifies equipment and material needed for student activities. 

B. The text is supplemented by: 

1. Coordinated test booklets, 

2. Accompanying audio-visual aids such as records, filmstrips, transparancies, tapes, charts, etc., 

3. Challenging workbooks that reinforce major concepts. 

C. If not incorporated into the text, supplementary materials are available for: 

1. Remedial and enrichment work, 

2. Self instruction in manipulative and computational skills, 

3. Coordinated laboratory experiences. 
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After thorough review, my appraisal of the services and supplemental materials for this text is: 

Superior Very good Average Poor unsatisfactory 

The outstanding strengths or weaknesses in the services and supplemental materials for this text are: 



IX. Series Content and Coordination (To be used when evaluating a coordinated textbook scries such as an 

Elementary or Junior High scries.) 

Points to consider in evaluating the series of texts are that the scries; 

A. Was either written by a common author (or team) or coordinated by a lead author (or editor) to assure an 
orderly development of the subject, 

B. Comprehensively covers the subject with no unrealistic gaps, 

C. Provides for the continual synthesis of basic data and concepts into a more generalized conceptual 
framework, 

D. Encourages the continual development of the students’ mental processes, 

E. Provides for the development of healthy attitudes and values, 

F. Creates an interest in the subject which will continue into adult life, 

G. Introduces concepts at appropriate grade levels for student comprehension in terms of our best knowledge 
of child growth and development, 

H. Has no unduly weak member in terms of the previous sections of this instrument, 

I. Has no units which do not contribute to the central theme(s) used in developing a coherent, sequential 
science program. 

After thorough review, my appraisal of this series of texts is: 

Superior Very good Average Poor Unsatisfactory 

The outstanding strengths or weaknesses of this series are: 
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SumiiKiry 

Arvm of^natesl usefulness: (If acceptable for general use in ',hese four categories, so indicate.) 

1, Type of vscliool 

2. Type of student 

3, Grade level for most effective use (for High School texts only) 

4. Any special teacher training needed for effectively using these materials 

'Hie outstanding strengths of text (or series) are: 



The outstanding \eeaknesses of text (or series) ar^: 



Commments about this text (or series) omitted elsewhere are: 



Adoption Recommendation 

After thorough review of all aspects of this text (or series), for adoption, my rating of »; *s: 

Highly Recommend Recommend Not Recommend 

Considering all of the books I have .eviewed in this category, my ranking of this text (or series) is: 

1st 2nd 3rd 4th 5th 6th 7th 

Other (give rank) 





r).20 SalVtv in SricMuo 



Since science recjuires the learner to play an active role 
in the learning process, the student needs a workroom 
where he can control the conditions of his observations and 
investigate a variety of problems. In this workroom the 
stude^.t will use a wide variety of manipulative equipment, 
living organisms, glassware, chemicals, and many types of 
scientific apparatus. All of these may be potentially 
dangerous if handled improperly; thus it is essential that 
safety practices must be a part of science learning. 

All students must develop sensible attitudes about 
safety precautions in sciencing. Attitudes determine 
behavior and cannot be taught as abstraction but must be 
built from actual learning experiences. Simple explanations 
of what not to do must be reinforced with understandable 
reasons. Safety altitudes cannot be left to chance. The 
school must guide students toward those meanings and 
behaviors which produce ‘nfcvy for the individual and 
society. The school- must accept the responsibility for a 
safety program beyond the traditional campaign aimed at 
pedestrian, hallway and driver safety. 

The school should develop and implement a 
comprehensive safety program as an integral part of the 
science program. This program should be implemented and 
supported by an administrative policy statement. The 
program should include: 

1. A continuous preventive educational program for 
each level and area of science, K— 1 2. 

2. Procedures and instructions concerning potential 
hazards common to science classes. These hazards 
include caustic and explosr'e material, liquids and 
solids at extreme temperatures, toxic fumes, 
poisons, sharp objects, electrical circuits, radiation 
sources, etc. 

3. Signs identifying hazards and reminding students of 
safe practices. 

4. First aid kits with written procedures for first aid 
treatment for every teacher. 

5. Programs for supervision and monitoring students 
for compliance with safety regulations. 

6. Well kept records of school accidents to identify 
specific hazard areas and improve precautionary 
practices. 

7. Rooms, furniture, and equipment designed to 
include provisions for safety in science rooms. 



Science teachers must he safety minded at all times. 
Teachers must set the example for students by fidlowing 
the safety rules themselves such as wearing eye protective 
devices. In addition, each school sluiuld have a policy for 
appropriate, impartial disciplinary action for willful 
violation of safety rules. 

The following arc a few questions that science teacheis 
could consider in devising safety procedures for their 
course : 

1. Do I have rules for good housekeeping? 

2. Are materials arranged in an orderly fashion? 

3. Are materials labeled correctly and safely stored? 

4. Do - the students practice safe methods of 
manipulation- lighting a burner; cutting and 
bending glass; heating, cooling and pouring, 
inserting tubing into stoppers and diluting acids? 

5. Do the students know the functions of the tools 
they use and how to safely use them? 

6. Is the activity a reasonable, safe one and have the 
students been instructed as to any special hazards? 

7. Do the students use the protective gear when 
applicable-eye safety devices, aprons, shields, 
fume hoods, etc.? 

8. Are there proper disposal arrangements for broken 
glass, spilled liquids, dissected animal materials, 
cultures, etc? 

9. Are the plants and animals used in the classroom 
safe and do they receive luimane and considerate 
care? 

10. Do animals have a proper habitat and food and are 
they secured in a clean environment, free from 
contamination? 

11. Before field trips are taken, are hazardous plants 
and animals identified? 

12. Do any of the activities promote undesirable 
physiological or psychological effects upon 
students? 



5.30 Facilities I’or Science Instruction 



Science learning lacilities should be congruous with 
existing or anticipated programs yet have flexibility for 
meeting uncertain future needs. Providing such facilities 
requi: > comp«'ehensive knowledge and understanding of 
the .^riety of components comprising the total facilities 
system. These facilities must not be viewed simply in terms 
of their supporting role in the science program, but as a 
part of the total learning environment of the student. Thus 
the purpose here is to present guidelines that will be useful 
both in the development of new science teaching facilities 
and in the modification of existing ones. 

General Considerations 

Since sciencing should be student-centered and 
student-directed with the teacher cast in the role of a 
resource person or coordinator of activities, facilities must 
be designed to provide space and equipment for a variety of 
student investigations and experiments. 

If science programs are to meet the needs of students at 
all levels of ability and interest, facilities and equipment 
should have the flexibility to permit each student to 
participate in activities appropriate to his own capabilities 
and ir.;terests. These diverse needs may be met more 
effectively by the merging of certain subjects or the 
addition of new ones. The science facilities must be 
adaptable to change. Adequate space and facilities must be 
available to acccmodaie and to encourage the development 
of extended individual or group projects without the 
normal instructional programs being hindered. Facilities for 
science instructions should be planned so the demands of 
increased enrollment or the addition of new and special 
equipment will not require extensive modification. 

It is imperative that careful attention be given to those 
features which will result in a minimum of confusion and a 
maximum of safety. Both students and teachers should be 
able to move about without undue restriction. Safety 
demands a design which reflects consideration of not only 
the common kinds of accidents, but all possible dangers. It 
should not be assumed that students will always handle 
equipment in the proper way. Thought should be given to 
the ways in which the equipment might be abused and the 
equipment designed accordingly. The design of storage 
facilities is important in this regard, especially when dealing 
wiliL-Ghetnicals that are potentially hazardous. Electrical 
equipment that constitutes possible shock hazards must 
have a provision for proper grounding. Electrical outlets 
should be located with both convenience and safety in 
mind. 

Selection of construction materials should reflect the 
variable durability requirements of various elements of the 
facilities system. Careful planning in advance will increase 
the probability of attaining a desirable balance between 
durability and economy. 

Regardless of grade level, all science requires equipment 
which students can manipulate. Whether the equipment is 
manufactured commercially or in the local school facilities, 
it must allow for ease of manipulation and have long-range 
durability. 

Every science facility should contain or have access: to 
areas for the construction, maintenance and modoflcation 



of apparatus and equipment. Often school shop facilities 
may meet this demand; nevertheless, a basic set of tools 
should be available in the immediate area, especially at the 
secondary level, 

Personalizing instruction has placed an increased 
emphasis on the multi-media approach to instruction. This 
l>pe of instruction demands provisions for the use of 
audio-visual materials, the mass media, programmed 
instruction materials and other appropriate aids. These 
should be available for use by individuals or small groups as 
well as by the whole class. Lighting arrangements should be 
such that individuals can view film loops or slides, etc. 
without interfering with the activities of other students. 

To encourage students to work independently and to 
develop their own ideas and projects, access to resource 
materi'ils such as journals, magazines, scientific ;cpo:.ts, etc. 
should be relatively easy. Unnecessary duplication of school 
library facilities is not recommended, but ^the student will 
find more incentive to explore new areas and ideas when 
appropriate supporting material is available in his working 
environment. Space should be provided for the study of 
these materials with a minimum of distraction. 

All school facilities should be designed so the teacher, as 
well as the student, can function. Space must be provided 
for the teacher to plan activities, grade papers, prepare 
reports, etc. with minimum interruption. Equally important 
is the necessity for private conferences with individuals or 
small groups of students and with parents or other visitors. 
Facilities should be designed so normal classroom activities 
can proceed with a minimum distraction while the teacher 
conducts these conferences. 

Science facilities should reflect the contribution of a 
broad range of expertise and experience. The planning of 
facilities should involve school administrators, school board 
members and laymen in the community in addition to 
science teachers, supervisors, science educators, specialists 
and architects. This kind of joint effort will likely prevent 
developing the unworkable, inflexible facilities which often 
result when a few individuals representing a restricted point 
of view plan facilities. 

Special Considerations 

The above guidelines are, for the most part, general 
enough to be appropriate for all grade levels, K-12. There 
are, however, certain unique requirements for each grade 
level or range of gr.^le levels. For present -purposes, it seems 
appropriate to separate these requirements into two broad 
categories—elementary and secondary. Detailed 
consideration of the topics' touched upon here can be found 
in various publications (1, 2, 3) and in planning manuals 
from the various laboratory furniture suppliers. 

Science Facilities for the Elementary School 

Perhaps the most notable distinction betv/een the 
requirements for elementary school science faculties and 
those of the secondary school is that elemt/iiary school 
instruction is, for the most part, carried on in a 
self-contained classroom or area. A few schools have 
developed eleimenlary science centers or, in 
departmentalized arrangements, ele.mentary science 
laboratories. The latter are more, prevalent in grades four. 



rive and six. The most serious restriction on (he 
self-contained classroom is the limited area available for 
activities and for storage of materials. Therefore, the 
primary emphasis in the planning for such facilities should 
be llcxibility. 

Minimum requirements for the science program in a 
self-contained classroom include: a work counter with one 
or more sinks provided with hot and cold Vvatcr, convenient 
electrical outlets to supply 1 10-120 volts AC, sources of 
heat (such as liquid fuel burners), low-voltage sources 
and/or dry cells and sufficient space for snch things as 
terrariums and growiiut plants. It is essontiaJ that the 
furniture be movable to accomodate a variety of activities 
and be of a quality to resist almost certain abuse. While 
safety is of paramount importance at this level, it is also 
essential that the students be allowed to manipulate a 
variety of materials and equipment. It is strongly 
recommended that a child development specialist be 
involved in planning facilities for the beginning grades. 
Students at these early levels need sensory and manipulative 
experiences and the facilities should provide for these 
needs. 

Secondary School Science Facilities 

Secondary school science facilities should be brought 
together in a single area in the school plant. A science wing 
or science suite is preferable to single-room laboratories 
which isolate various sciences from one another. 

Well planned centralized science facilities eliminate the 
duplication of expensive equipment. Only one set of basic 
equipment is required. Such expensive items as centrifuges, 
milligram balances and oscilloscopes become readily 
available to all disciplines. Reduced equipment require- 
ments make possible better equipped laboratories. Central 



supply areas, specialized equipment such as fume hoods and 
other safety equipment and continuously ventilated bulk 
chemical storage cabinets can be placed near the point of 
use. However, delicate and electronic equipmcni which 
might be affected by chemical fumes should be stored in a 
storage area separated from the one used for chemicals. 

Adequate space should be allocated for extended 
student investigations aiv^ projects within the suite. 
Portable fume hoods, a stove, a refrigerator, a plant-growing 
case with climate control, an animal growing case acraied to 
the outside, a darkroom area, reference book shelves, a 
preparation area and portable demonstration tables with 
service leads should be among the facilities. 

Space should be provided for the instructors to 
experiment, prepare and perform other managerial duties. 
Mobile demonstration tables should be available for 
advance preparation of materials for use during lectures and 
smali-group discussions. The assembled demonstration 
equipment can then be transported to the instructional 
areas eliminating the need for hasty set-ups between classes. 

Large and small group instruction areas with service 
islands or connections, media facilities and a science 
instructional materials center should also be in close 
proximity to the laboratories. 

1. Science Facilities ,or Our Schools K’12. National Sei- 

enee Teaehers Assoeiation, Washington, D.C., 1963. 

2. School F'ucilities for Science Instruction. National Sei- 

enee Teaehers Assoeiation, Washington, D. C., 2nd 

edition, 1961, 266 pages. 

3. “New Shapes For The New Seienees,” School 

Management, Vol. 12, No. 4, April 1968, pp. 14-21. 
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6.0 Annolijlod l}ii)liogra;)liy 



liiirudiu'iioii 



Any attempt to provide a coniplcte listing and 
description of all pertinent and valuable material would be 
fruitless as well as infinite in both time and fruslration. 

This section therefore contains several categories of 
possible interest, and an attempt has been made to classify 
publications in Idisercct categories. Although this is 
impossible at limes due to the nature ol‘ the mateiial. Ihe 
classification approach should be useful in efficiently 
locating desired material. 



The listings presented licre represen 1 only those 
materials useful in constructing programs and developing a 
basic framework from whicli to operate. Regular perusal of 
current and future maga/.ine and journal articles will be 
necessary if one is to keep up with research and 
developments which will be of value to the individual. 

Finally, those publiealiuus which aie mostly oi entirely 
pertinent to recent and current science curricula are not 
included. 



Pcrforinanrv Objcclivcs in Scioiu c Ib’oirrams 



Bloom Benjamin S. (Ed.), Taxonomy of Educational 
Objectives, Handbook 1: Cognotive Domain, David McKay 
Company, Inc., New York, 1956. 

A most useful description of six classifications of cognitive 
behavior. Valuable for specification of educational goals as 
well as evaluation. 

Eiss, Albert F. and Harbeck, Mary Behavioral Objectives 
in the Affective Domain, National Science Supervisors 
Association, Washington, D.C. 1969. 

A concise presentation of affect in science instruction. It is 
particularly concerned with those science-related values 
held by pupils, and provides examples of affective 
objectives and evaluation techniques to determine the 
success of the science program in producing the desired 
affective outcomes. 

Esbensen, Thorwald, Working With Individualized 
Instmction, Fearon Publishers, Palo Alto, California, 1968. 

Describes how the Duluth, Minnesota school system 
developed and incorporated individualized instructional 
programs into three elementary schools. A must for 



anyone, elementary or sceondary, who is interested in 
moving toward more individualized of instruetion. 

Mager, Robert F., Developing Attitude Toward 
Learnitig, Fearon Publishers, Palo Alto, California, 1968. 

Presents tliree principles teachers can use to identify pupil 
behaviors which most likely indicate a favorable disposition 
to learn and to like to learn. 

Mager, Robert F., Preparing Instructional 
Objectives, Fearon Publishers, Palo Alto, California, 1962. 

A programmed instruction book which will enable one to 
identify, define and construct educational objectives. A 
highly practical book for all educators. 

Mager, Robert F. and Beach, Kenneth M., Jr., Developing 
Vocational Instruction, Fearon Publishers, Palo Alto, 
California, 1967. 

Although specifically directed at vocational education, the 
teacher can use this approach for the systematic 
development of instructional programs for any subject. 



Philosophy and Coals for School Science Programs 



Commoner, Barry, Science and Survival, Viking Press 
Compass Edition, New York, 1 966. 



Bell, Daniel (Ed.), Toward the Year 2000: Work In 
Ptvgress, Beacon Press, Boston, Mass., 1969. 

A series of articles attempting to predict our future, 
including aspects of science, technology and society. 

Bresler, Jack B. (Ed.) Environments of 
Man, Addison-Wesley Publishing Company, Reading, Mass., 
1968. 

Contains 24 articles of topics concerned with man, his 
environment, and society. 

Broudy, Harry S., “Science and Human Values,” The 
Science Teacher, March, 1969. 

Discusses the need to leave pupils with a sense of the unity 
of science with life as a “whole’’ rather than having a value 
system distinct from life. 

Burns, Richard W; and Brooks, Gary D., “What are 
Education Processes”, The Science Teacher, February, 
1970. 

Discusses the relation of thought processes to the 
educational process. 




Discussion of problems and issues resulting from the 
unconsidered impact of scientific and technological 
achievements of society. 

Ciosson, Frederick J. (Ed.), Science and Contemporary 
Society, University of Notre Dame Press, Notre Dame, 
1967. 

Consists of ten essays dealing with science, literature, 
philosophy, religion, human welfare, education, and man’s 
future. 

Hurd, Paul DeHart, “Scientific Enlightenment For an Age 
of Science,” The Science Teacher, January, 1970. 

Presents a list of broad objectives wliich offer a description 
of the “Scientifically Literate” person. 

Raths, Lewis E., et. al.. Values and Teaching, Charles E. 
Merrill, Columbus, Ohio, 1966. 

Discusses how to set teaching situations which allow a child 
to develop his own values. 
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Concral Rofcreticcs 



Andersen, Hans 0., (Ed.), Readings in Science Education 
for the Secondary School, The Macmillan Company, New 
York, 1969. 

Contains highly valuable information specific to secondary 
school science teachers and supervisors. 

DeCecco, John P., The Psychology of Leanung and 
Instruction: Educational Psycholog}’, Prentice-Hall, Inc., 
Englev/ood Cliffs, NJ., 1968. 

This textbook ^utilizes behaviorally stated objectives 
throughout, and may be a forerunner of textbooks of the 
future. This book is a “must” for teachers. 



Gega, Peter C., Science in Elementary’ Education, John 
Wiley and Sons, Inc., New York, 1970. 

Victor, Edward and Lerner, Marjorie S., Readings in Sci- 
ence Education for the Elementary School, The Macmillan 
Company, New York, 1967. 

A comprehensive textbook on elementary .science teaching. 
Includes teaching strategics, evaluation, material, and 
model-lesson plans. 

Contains a series of articles by leading educators and 
organizations which provide IrigWy specific and valuable 
information for elementary science teachers and 
supervisors. 




